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I. JIntrodustion

It may vell bs that the «'s" phystcs beyond PEP
acd PETRA and and up to 200 CeV CM energy will deal
primarily wicth the verification of the standard wodel
(5M) of weak and electromagnetic interactions. Various
theoraticsl and experimental studies at workshops for
contenplated actalexators® (SLC, LEP 1, 2° at Cornell)
have assused this.

Beyond 200 GeV tha picturs is less clesr. The
absence of theoretical wodels with strong predict-
ions comparable to the SN adds to tha difficulty.
In addition, the experimental verification of the SM
itself 1is yet to come, snd ons is forced to makas
certain assunptions about the outcome.

Hera ve join some our colleagues in previous
studies? (in particular J, Ellis and 1. Hincliffe) in
making the following assumptions:

1) 2%, v, lighe higgs (1€ By < 100 Ga¥) have

all: baen discoveresd.

2) The t gquark has besn discovercd if ita mass

18 < 100 GeV.

3) QD is basicelly the correct theory of the

strong interactions.

With chese assumptions, ve have produced an up~
dated table of possible physics in che TeV region
(Table 1). This table was used as the basis for the
study of specific physics below. It contains basc
- of cross 1 promising signacures for
final scates, and soms halpful commenta.

As custormary ve have used ¢ (point) = 1 unit of
R as the unit of cross-ssction:

a7 2
0 (point) = -
EgGan)’

At E of 700 CeV:
. ~37 2
o (podnt) = 1 wait of R = 1.8 x 10 "'cw
The C# energy of 700 CaV wvas selected here from tha
Tange of energics contenplated for linear colliders
(ses colliders section). At this energy a luminosity
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of 10%%en%gec™) 18 artainable vith relatively modest

AC pover, and an energy spread AE/E < 5%.
At this snergy and luminosity:
¢ {point) = 1 unit of R S 15 event ‘day.

11. Physics-Cenaral

Befors we go into spacifics, some general observ=
ations can bo made after a glance at Teblae I.

1) If we exclude the 2°' then the direc: sroduc-
tion of Z°2°, snd the 3 generacions of quu ks
constitute a major part of the cross-section (v 35
units of R). They slso are the major byproducts of
the new physics. Thus tha direct production of the
"krown" physics constitutes a background to the study
of the nev physics. Two photon processes are alc a
potantial background (ses later).

2) The nev physics yields a large nunbar of  1ts
containing ordinary light hardrona. If one ignore
light hardron masaes, tha situstion looks 1like ™,
physics at SPEAR energies with hadronic jets from 2 .
W replscing Y's from ¥, n. By analogy it is expectcd
that the reconacruction of 29, W from pairs of jecs
would be very useful in understanding events in the
TeV region. In Appendix A we discuss di-jats at the
W-nass.

L]
3) Except for 2° » most spacific final astates
hava cross-sections of the order of 1 wnit of R.

4) Thera ara a few proninent signaturas vhich
characterize the new physics

a) Large No. of jets 6-8 (Fx: ©' production)
uwith di~jet pssses at 2%, ¥ mass.

b) High momentum lcptons Lisolatsd in phass
space (Ex: £ I productionm).

€¢) Large missing energy and momentum point-
ing into dctigtnz accoaganying jets
(Ex: LL +Vv VW W, the W-pair giving
& jets, or isolated leptons as in b)
abova). We can get an idaa of the reject-
1ion one obtains against q § statas frox
Fig. 1 (borrcued from SLC workahop). For
~ 47 solid angle acceptance, a factor of
100 vejsction is odtained by requiring >
25X wissing energy for the v case. Requir-
ing an {solated charged lepton (no neardy
hadrons) gives a factor > 100 1if we Te=
quite it to have > 252 of the energy.

Finally ve would like to stress the difference
d ing the pr
establishing its parameters. For exampla the preaence
of 8 high energy jets separated in space is a good
signsture for heavy Migge production. Housver, ental
1ishigg the Higrs mass requires a few hundred such
eyente to snable the raconstruction of di-jota into z".
s snd the subseq ion of the Nigjees
from 2°, W patrs:
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II1. _Physics - Speciffc

We turn now to the discusalion of specific finsl
states (selected fron Table I), their compating back-
grounds, and running times rsquired to study them.
What follows is by no weans exhsustive. It is meant
to illustrate the scale of physics at TeV at &~
colliders.

We start first wvith resonances, nasely 2°', heavy
quarkonia, p. (Techni~Fho). Using Table I and Ref.
2(c) we construcc a subcable Tabla II.

1. 2°' , Table IT shous thac 2°' is produced at
the tate of 75,000/day st the peak, while the remaind-
er In the tablc amounts to 850/day. A quick scan in
the region of 200 + 700 GeV CM ia steps of 3 GaV
(100 steps) {s suffictent to find the Z° . With 2°
width ~ 37 and (AE/E) besm ~ 5X, the effective R ac
resonance i{s reduced by a factor = ,3, hence

the effective rate of Z°' production is * 23000/day.
With two hours spent ar each step, them:

2°' produced at 2°° mase/2 hre = 2000
Background/2 hrs S e70

Such an { above bdack d 1s essily deqtect-
sble and is sufficient to map .the shape of Z° zeson
anca.

Total time for scan = 10 days.

2. Technicolor. Herw, & spin-orse technihadron
called appears as sn s-channel resonance in ete~
soathilation. Ite wass is expacted to be M, = 700-
900 GaV and (ts width i'r & 250-400 GeV. At tha
rasonance psak, AR I 10750 (ses Fig. 2). The moat
afficient uay to seazzh for is to measurs R(eTs™
- hadrons including, possibly, isolated leptons) at
/8 & 400 GeV and 1000 CaV. Technicolor should give
AR & 5-10 ovar this range. If this is observed, one
then sesarches for ppina "binary” acan, alternating

Datween high and lov encrgies to zaro in on the pesk.
This ssarch should requirs 20-30 days.

In most tachnicolor models, decays exclusively
to a variety of pairs of charged technipions (vhose
wasses range from 10 to 250 GeV) and pairs of louglt-
udinally~polarized cherged wesk bocans, WF W . .
dacay anglular distribution is pmpot:tonh Eo oin*d,
One particular model is analyzed in dezeil in Ref. 3,
There, one expects %_3 x 10% pairs produced at the
rasonance peak in 10/ sec. All avents are quite
spectacular and it is relatively sasy to distinguish
among the various decay sodes of py.
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Fig. IIL.2: Technicolor production in two
models. Courtesy of M. Peskin
(This Proceedings).

3. Heavy Quarkonia; These resonances are broad-
aned by the decay Q + q + W and Q * H® + q such that
they merge fato a continuun. The best signatures are
tha rise in R and/or the change {a sphericity. Both
suggest a scan, Howevar, tu detact 2 units rise in B
with the 50 criteris requiras ~ 15 days/pnt uging the
8011d_sngle cut discussad balow, or ~ 15 deys/pnt uith-

out the cut.,
The naxt distinctive sipgnsture is the presence of

6 jets from the weak decay above, with twg groups (of
3 jois each) back “o back. The wost sericus back-
ground is 3D units of R of 2°Z%, WH™ production
(Table I). As suggestad in Pef. 2(c) a cucr on solid
angle of cos 9 < .8 leave 5 unita of R. However, this
f£inal stata contains 4 jets, The probability for a
quark jet to becowe 2 jats by gluon emission is Vo,
henca the probability for a pair of Z° or W's o give
6 jers is = .2. The backg d then to 1 unit
or R 1.e. signal to noise = 2/1. TFor Q production
one then vequires two of the 3 jets on each side to
reconstruct the rass of W. It {s hard to estimate the
running time required for this technique. Howevar
this analysis can ba done while searching for other
final staces (Ex: the scan for pp above).

e lodk, next, at final :

4. Heavy Higgs 1°' : Tha 83 dependence of cross
section suggestas that in searching for thesa perticles
ona should sit at the highest anargy svailsble. The
‘bast signaturs is the large numbar of jets or jats and
leptons uith di-jet nasses at ¥, Z° mass and di-lepcon




mass at the 2° mass. This signature is relatively
background frae. The probability that all the decay
products ars jets snd lepton pairs is = 10Z averaged
over nsutral and charged Higgses. From Table I the
cross asction i8 = .2 unit of R £ .3 eventa/day at
the 103 eff/ciency above. A yesr of running will
yiald = 110 such events. This might be encugh to usa
the di-jet mass hnique and to uct the
Niggs mass. It is wot necessary that this be all
dedicated ruaning. Once sgain the search for the 6
Jets can be done in conjunction with other searches.

5. Supers trics : For exsmple consider
scalar wuon pairs (Wi * » T ¥ ¥). The signature is
a lepton pair vith missing eneargy. The background
is *ytv u<U . W pairs are produced at 24 units
of R, From Raf, 2{c) a cut on solid angla at BOZ
lsaves 4 units of R. For three generations the 2
BR W+ av i3 1/12. Hence the dackground 1s 4/(12)
units of R = .03 while the signsl is = .5 units
(sig./BC =17). In two months of running a signal
of = 400 events are obtained with 62 contamination.
To establish that a lcllls muon \u! produced might
require mapping out the 87 and sin“@ dependence of
the production cross taction. For more d«tails ses
Rafs. &, S.

Another supersymmatric state of interest is
T vieh ¥+ 993 Y. The signature is 6 jets vith
larss missing energy. As ue have sesn, heavy Rigps
production can yield 6 yets but with no aissing
energy. Houever_ to establish that the origin of
thesa jets is { § production ie difficult. One
indication would be that 2°‘‘s and W's are not
involved i.s. the process is not an electro-weak
procese. Yor exsaple {f in addition to tha absence
of missing anergy none of the di-jet mar=si were
2ound to ba at the Z° or V¥ mass.

6. Elsetron Compositeness: If the elactron is
a composite object with inverse size A, this fact
must be reflected in a deviation of the Bhabha
lcl:tarln; crose section from the electroveak lmcs—
ation®. The deviation will be of order (s or t)/aA%;
see references 7, 8.

Thus, the best way to sesrch for electron sub-
structure s to plot, as a function of cosd, the
fractional devistion of the measured Bhabha croes-
section from the electroveak aoe:

dote*e” + a*e7)/d(con B)I_..

A..(col 0) = -1.

do(ete™ + e*a")/d(cos 8) lﬂ

The fact that this alvays vanishes in the forwvard
direction allous one to normalize the measured cross
section to the .55:"3"“ prediction ac amall 9.
Assuaing @ = 1077cu"%sec”] at (/& = 700 Cav, a 5%
(statistical) sessupesent of the Bhabha cross saction
would take 1-4 x 10° seconds per measured point. 4
trus 5% measursment over the range |cos @] < 0.8
should take 1-2 years at mossd.

To see vhat this weans in terms of setting limite
on substructure, ve have determined values of A
which give 0.5 < {8..] £ 0.10 over a large sngular
range. This vas done for seversl choices of the
spaca-time structure of the effective e
action ind d by composi Th
the moat pessisisctic and wost optimistic cases ars
shoun in Figs. 3a and 3b, raspectively. Ue ses that
a 37 croas section measurement sets the following
linits on A:

A > 16 Ta¥  (left-left model)
A > 30 TaV  (vector-vecter or axisl-sxisl modal)

Finally, ve mention that, as./i approsches A, the
Bhabha cross section grows like s/AY at a1l angles,
and ultimately flattens out tg the “strong-intersction”
goametric croes section ~ 1/A%,

-
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(s) The effective iater-

sction is (4mal2A2)T v e
HQy e, with A = 16 Y.

A :!:k:—u;ht nodel gives
nearly identical results

at thaae enstgiss.

(b) The effective intev-
actions ave (4ms/2A2)aY,
etybe, uich A = 32.5 Tol
(lgud 1ines) and (iwa/
ZACYEY YoeeY Y58, vith

A ® 27.5 TaV (dsshed linee).

The % signs refer to a = 2 1.

rig. II1.2:



IV, 2y Background
" A patencial background to tha e’  anuihilation
physica is the two photon process vhich has 2 nearly
energy independent total cross section. Fortunately
only a fev of these evente yield hadronic final

The principle of a colliding linse beam facility
is as follows: Two linear accelerators, ane for tha
electron beam and one for the positron besm, face
each other on the same axis. Both linscs sre trigger-
ed simultanecusly, and both beams, aftar being accel-

d and £ d down to a small cross section

which have invariaut sasses ~ /3 as could be selected
by a calorimeter for example. _To estimete this back-
ground ve have used Vermaser monte carlo program
to calculate the process,
ate sttty
via the § contributing Q.E.D. diagrams. The rata into
4 § ia related to } pair rate by
4

color
flavor

If ve raquire that esch B have an ene;
> 0.8 E(Bean) plus :opimnlcy cuts than qS- . 4
W) 7 0.23 x 1073%s?, This gives o(ete” + @ =
0.3 x 10-3%a? which ts ~ 10~3 units of R. Even with
less stringent enargy cuts the two photon background
remains tolerable provided reasonable calorimatry is
available.

V. Luninosity Monitor

It is clear fros the physics section that at
leasc & Teasonable relative luminosity wonitor is
Tequired. Bhabha's st measurable forwvard angles are
too few at thess enargies. Large angle Bhabhas and
y-pair production in addition to being small is also
model dependent. Probably the wost promising monitor
4s W pair production which to 20 unite of R.
The W pair is racoguized by two di-jats back to back
aach vith 3 mass « N,. Other types of luainosity
monitor might develop as ve gain experience with
colliders.

Vi. Conclusion

For most of the physics topics discussed, s'e”
provides a good production channel. Ratas 453 :ygte-
ally ad al gk & luminosity of 2 107 ca
sec”l uill be nesded. Signal/background ratios ara

4
o te'e™ + Hadrons) = ( QY yocete+ v

collida at the intersction point. After the collis-
ion the beams are dispased of since they are nat use~
ful any wore for further collisions. This mode of

P 4 ids the effacta of the so-called
besm-beam interaction vhich linits the lumincsity in
storage rings. In linear colliders we are ectuslly
atming for a large beax-beam effact. Tha focusing
effect of one baam on the other can, if strong encugh,
reduce the affective beam tross section and enhance
the luminosity dy up to a factor 6. This is vhat va
czll the pinch effact in linear collider facilities.

From the principles of linear colliders it is
immediately obvious that the lusinosity for a partic~
ular facility is limited only by the pulse repatit-
ion rata of the linesr accelerators.

In this section ve will describe the paraseters
of a high-anargy linear collider facility to reach
centar-~of-mass energiea of 400 to 2000 CaV. 1In the
course of the discussion we will encounter design
spacifications which have not yet been demonstrated
in a real accelsrator and are therafore subject to
24D effort. Tha ides of this section is not to
d rate the feasibility of colliding
linac beams with present-day technology but rather to
amphasize the possibilities opened up by the 1des of
colliding linac beams to resch high center-cf-mass
energies and luminosities for ete”™ physics.

Many of the crucisl parameters are being investi-
gated and pushad to their limits at SLAC in prepar-
ation of the SLC project.l8 Should the SLC project
‘become funded it would function not only se a ool to
explors ths Z, physics but slso be the prototype of &
colliding lincz beam facility. Crucisl paraseters
could be studied and limitatious tharsof be found.

In cthis report ve assume that the SLC is oparat-
ing at or close to its design performsnce. We elso’
that certain R&D efforts to develop special

substantially larger than those in had hines.
ete~ colliders with such luminosity is tha subject of
the next sectiom.

Final states tend to be complicated. The beat
signatures are wultijets and lsclated leptopa, both
quite often accompanied with missing energy carried by
non-intaracting particles. A uearly 4% sclid snugle
calorineter vith good ion will be ded to
reconstruct multijet invarisnt masses and to identify
electrons and wuons. Particles inside a jet will be
closely spaced (a typical two particle angular separ-

ation v 19) making tracking inside a jet very difficult.

Bovever physics such as vas described above can be
analysed usirg vhole jets ss units, tharefore it need
not suffer from the lack of detailed tracking.

¥11. THE ACCELERATOR

Introductidn

To sxtand the canter of mase snergies vell beyond
LEP energies ve follow the idealland the axpactat-
tone'2:17 of colliding linac beams. The second ICFA
at has concluded that "storage rings appeara to
be inposaible for enargies above 200 GeV per beaun.”
In a linear colliding-besm facility, we face no basic
linitation to axtend the beam energy fsr bayond LEP
energies. The luminosity too is not limited by
physics but rather by economic reasons, eince the
luatnosity {s limited only by the electrical power
svailable to the facilicy.

rf-power sources and high-gradient accelerating
sections are successful. All these efforts are not
»0 much nacessatry to prova ths principle but racher
to make linear collidars aconomically feasible.

Linear colliders offer saveral propecties that
might ba useful for high-energy physics experiments:

* bigh palarization of the electron besm
in eny direction is available szt very
low cost and for every experimental ares.

polarization of the pasitron beam 1a
possible but at some cost since a long
undulator is required to produce polarized
gamsae vhich 1a turn produce polarised

positrons in » target.

+ a switch from e¥e™ to «”¢” collisions ia
vary easy to perform hovever at & loss of
luminosity since thera is no pinch effect
any ssta.

» &=p colliafons are immedistely avail-
able by the ldd&%}nn of a 30 to 50-CaV
protom injector:"” Above that energy a
linear accelerator works the sase vey
for p as for el

« while ove of the beacs after collision
is used to reproduce paeitrons, the
other basm is availstle for fixed target
or baam dump experiments.

o mare emotic cnuuinhlﬁn YY or Ya
Bave been suggested.’




Design Goals

The physics es described in previcus sections
calle for maximum center-of -sass snergies of at lesst
1000 CeV and possibly above. We will therefora explors
the parametsrs of linesr collidera from about 400 GeV
up to 2000 GaV. As wve mantionad befors, the luminosity
is limited by the elactrical pover available to the
collider. 1In this study ve have arbitrarily assumed &
waximum electricsl pover of
- 100 M

? (vi1.1)

AC
availsble to the facility limited only by budsetary or
anvi 1 1d ions. With the luminosity
being proportional to this pover we will calculats and
dlacuss the parameters required to still reach a lusin-
osity of

33 -2 -1

= 1077cw “sec ~ at I = 1000 GeV

c.m.
(Vi1.2)

This s the lumincaity into one experiment only while
the others would pot get sny luminoaicy. Up to four
experiments, howsver, could raceive each a quarter of
this luminosity. Linaar Colliders give the apportunity
to give all availsble luminosity to rumning d ]
only.

This flexibility is available by accelerating up
to four bunches simultanecusly ia che linacs at no
extra power cost since only a amall fraction of the
slectrical pover is transferred to esch bunch. By
proper phasing of the accelerating field in the linac
sections all four bunches can reach the sams experi-
mental area. By a differant way of phasing, it can be
arranged that all four bunches have slightly different
energies and a deflecting magnet at the end of the
1inac will guide each bunch to a different experimant.
With the proper phaziog the above total luminosity can
be divided among the active experimants at s variaty
of energies. Ths options seem to ba limitless.

Scaling Lavs
The luminosity in a linesar collider is given by

N
pg s S L ED
Yy

- {VI1.3)
4wo

(4

vhare N is the nusber of partigles per bunch, Vrep ia
the pulse repetition rate, 4%0% R = &M0,:0, is the beam
cross section, R the aspect rafio, ¢ nusber of
bunches psr beam t0 collide in one interaction point
per linac pulse, and p ths luminosity enhancement factor

due to tha pinch effect.

The luminosity enhancement factor p is determined
by the so-called besm disruption patameter

Zr.wl

2
W’(lﬂ)
(a}.bun:h length) as shown in Fig, VII.1. The trans-

varse electromagnetic forces exerted on any particle
by the other beam causes this particle to emit

(VI1.4)
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Fig. VII.1: Luminosity mhlm-'nt
Factor p -.‘2'/.1° as a Function of
cthe Disruption Factor.

synchrotron radistion vhich i¢ called beam strahlung.
This 4n turn inczeases the energy spresd in the beam

byn

-5 3 Yr(R), (V11.5)

3
g-zr. '2
E 3

o,N,

ith
v 2 atan VF7Q) for P> 0
W - 108
\ﬁ.m h—d&.‘m for ? <0
1V (VIL.6)

and P e 3/2% - 10/R%3; Q = 3/5° + B/M43. This anerg
spread has to be livited depending on the kind of
experimant performed <> the linesr collider.

The oumber K of particles per bunch is limited by
vake fisld sffacts in the linear accelerator. A besm
that passes a linac section with a small trangverse
displacemant sxcites modes vith nonzero fialds in the
centar of the accelarating structurs. In particular
the fislds generated by the head of the bunch act
back on the tail of the bunch and incressa the beam
size. The affect on the beam depends on the beam
alignment, the gradient (g), and the ratio of the
final energy (E) to the injection enargy (Ey). These
effects hsve besn calculated in the SLC case for an
ras bsam displacement of .1 mm. The rease in porma
1zed besm amittanca iz Acy « 3 x 10" w-r, and the
resulting scaling factor A determining ¥ 1a2%,23

o1
T . 1.5.2010 = |
Hav
The final boundary condition we vant to obsarve is th
total pover available to nun the r{ system of the
1inear collider.

(VIL.7)

A=

i_2t _g® -
"c - Iﬁ : 37 z vrq - qmw. {VI1I1.8)
- Ve d

(@ = 3.9°10™164/Gav/ (aV/n) /sec for T = .33, 0 = 0.3,
Vgg = 4040 Miz and r/Q = 9470 R/w) A7

Bare the factor Z accounts for the two linscs, 0
is the afficiency to tranaform alectrical into rf
pover, T is the attenuation constant of tha sccelez—
ating structurs, and wee(r/Q) ‘\-u:g rf frequency-
related paramsters.

Wa will use Eqe. (VIX.3) through (VII.8) to detar—
mine the performance of the linear collider in tha
next section.

Parametars and Perfnrmanca of the Linear Collider

Eqe. (V11.3) through (V11.8) do mot uniqualy define
all important parsmetera. We will have to £ix soma

the selection of vhich can grastly influenc
'r.h. pazformance of the linesr collider. Wa will maks
the following selection of free parsmeters:

———



'AC - 100 M4
. 7
) w 100 MeV/m
0‘ " 2mm (VI1.9)
-] 2 04 um
y 7
\l'! = 4040 M3

. We still have to decide oo the nusber of particles
par bunch. According to Xq. (VII.?)the value for N
can be raised as the injection energy !° iato the
1inac is incraasad. This can ba done by the following
trick. Assuse ve hava an accusulstor storage ring of
say B, = 10 GeV. A precesding 10-GeV Iinac produces
pulses of lover fntensiry B (liwlted only by wake "
f£ields) at ate wuch faster than the pulss
tepetition' Tats Vpeq of the main linsc. These are
atorad in che accumulator storage ring. The rasulting
bigh intensity bunches are then extracted to the linasc.
As long as ve have the relation v N2 Vrep N the
schems vorks.. In Table VILl an .8‘.’.1.. of sn accumul-
ator storage ring watched to the requirssents of the
linear collider is shown. Tha waximum fntensity Mg of
particles $n the fast cycling linac can be detarminad
by axperiments lika thosa baing parformsd ar SLAC in
connection with the SLC program.

Table VII.1

Energy B = 10 GeV
Damping ring g = 1.75 msec
Bending radiue '] = 43
Circuafersnce c o 340=
Total rf pover Peg = 1M
Beam emittance o = 305w
Energy spread Og/E »  0.132

The parametexs of Tabla VII.lare auntirely feasible aund
do not pase any problem.

The last frae parsmeter ve vant to choose is the
energy spread AE/E due to beam strahlung. The allow-
able energy spresd will be limited by the resolution
requirad {a the high-energy physics experiments. At

a
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Mg, VII.2: Luminosity

Here va have used the approximation F(R) « £/%
vhich 1s a good repracentation of Eq. VII-(G}or ll» 1
and £ 1,07. In the sxamples of this nots the valuas
for R vary between 5 and 10 for AE/E = 10% and between
8 and 19 for AZ/E = 3Z. This relation clearly
axhibit the scaling of the luminosity wich various
free parametsrs. Specifically wa note for PAc = const

that
2~ JoEfE (vI1.11)
£ 2 (V11.12)
and
L /o, (VI1.13)

The last relation teil us to reduce the vertical beam
size as wmuch a& possible. Tha lowar limit of the
basam height o, will be set at any time by the stote
of the art for the stability fn tize of wost of the

wvery high energies, h s OO P are exp
that raquire a very good energy resolution. Since tha
allovable energy spread has some influsnce on the
achievable luminosity, it will be chosan 0o as to
saxiwize the luminosity. By now all paransters in
Eqe. VII.J chrough VII.8 are sither fixed or deter~
uined by che equations and Fig. VII.1.

in Fig.VZl.2 ve show the luminosity arrived at by
the assumptions just made as a function of enargy.

For tha energy spread due to beam strahlung ve have
assuped AE/E = 0.03 and 0.10. 1In the case of AE/E =
0.10 ve have a luminosity of more than 10 e~ 2aec-1
Wtk - 1000 GaV. The luminosity nov ie limited
purely by the electrical power and can be changed
proportional to that power.

By manfpulation of Eqs. VII.) through VII.S we
cen express the lusinosity in terms of quantities
daternined by external rather than fundamental limic~
ations and get: *

(]
oo el %1 A \fee LA
iza?ed To/\E *] 2/ za’za e

) (VI1.10)

p of a linear collider 1ike pover supplies,
ground motion ate. Fig. VII.3 does not show a pure
linear dependence on Oy since wa have chasen [ Y
reflecting the adiabatic desping.

0" L 1 L e
P P 100 ww ]
S b AE/ECi0% 1

~ 2
% 0@
»
3
2
00 1000 1500 2000
- Cem, 1GaV) -—

Fig, VI1.3: Luminoeity for Diffe
Beam Heights

We elso note from Bq. VII.10 that in order to
keep tha luminceity constaut wa have to raise the



alectrical ﬁmr 11iks

/2
P v B (VII.14)
The simple relations VIX.1l through VII.14 are not
axact aince by changing any par we slso ch

the disruption pnrm-:;r D and thersfors change the
‘luminosity enhancenent factor. The errors, howaver,
aTe too small to change the genersl scaling.

YTy

L 1 L
300 000 100 2000 .
- Eem (GW) -

Fig. VII.4: Electrical Pouer Versus
Energy for Constant
Luminasity. .

Conclusion

Pros a technical point uf view a linear collider
of high energy and luminosity cannot be operated
economically at che present daca. A saries of R&D
afforts in differant areas are requirad to produca the
necessary technology for an economically fsasible
linear coilider. No fund 1l limits, h , have
bean found as yet that would prevent us from reaching
the gosls outlined in this raport. Most of the
eritical P v!..l:tl‘_bc d in a "real like"
situation once the SLC'”comes intoc oparation. Beyound
that much RED is vequired in rf-pover sources to Te—
duce the pover consumption andin high gradient accal~
srating scructures to minimize the required real .
estate and linear construction costs.
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APPENDLIX A 200
Di-jetr Mass e VW
As 8 model consider the production of v pairs at ml Lo L ppdrons

700 CaV CM anargy, vith each W decaying into two jats.
Ignors particle masass in the jet (wostly #'s). The

W vill look like & ¥o = 2y's. Then at tha min. open~
ing sngle mr 1

W (d1-Jet) = 2 E3(1 = cos B). E
2 ° [ 8
Min. opening angle 8 & —= = 25,5 “w )
. lﬂ =)
: 49 § ml
A AE p
i (-i) * ("‘o) g

wvhere : E = aingle jet snargy, AR the ener(y measure-
mant error, 89 the single jot angular error {172 angse 50
of arror-cons).

The SLC vorkshop rasults have shown thaz tha

direction of a jet can be measurad with an error of L ry " 2 .
“~ 2 25 m.r., using ol 1c and hadrouie calovi- Q2 % ] n 7] [} [}
metry. They also shawed that ~ 30X of jet enerxy is . .
electromagnatic and the rest is hadronic. Di-jet imariant mgss (E:V)
Using calorimetry similar to the SLC i.e. with Fig. A.l: Di-jet invariant mass distribution
in ete + W'~ each decaying into
(At_) - 15T - 4 - 302 and usin: 2 Jets. Jat enargy and angle ars
T - "\ /._ v ] meagured in a fine-grain calori-
.8, v weter. Only the combinetions wicth

£(Tot) equal to beam energy are

tha energy division above, then in our ceae: plotted. From Ref. 24.

(3, = e

Jar

n

2 .

(-‘1;-’ = sz
Tots gives & = 72 (see T1g. A1)

This estimate is optimistic becsuse of a ssall
loss of energy in undatected particles, and pessimist-
1c because the evgular error dominates and wa calculat-
od it at min. opening angle.

It is interssting to compare this with o for a
.5 GaV ™ 1o the crystal ball ac SPEAR 2F = 28Z,

. T
88 ogp L MM
=T = 6L

The situation is bacter for the cass of > 4W's
sharing 700 GeV ¢qually because the min. cpaning angle
is larger and hence the dominating angulsr error is
sagllar.
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SUMMAXT TABLE I. - BEYOND SLC AND LEP’

4 - Particle|Jet (Max)
se + oo, Dacay |Contest REMARKS
Wt & 25 [ Jer s 4 With known W's and 2°, this constitutes a serious
£2° ~ 5 Lsptons 4 dbackground, However sng. dist. isstrongly peakad for-
Z ward - backward, also Z's, W's can be uned as
z°7 ~ 30 2 4 SHW/R | 8 tag. Z°Y can be easily gnized and elimi d
Known Includes 2° contribution as vell as Y. They also
Quarka complicate snalysis due to gluons, hence are also
QN T ~2 Jats 2 & background. Hovever the two jets are back to
back.
Q-1/nq | ML " 2
Total ~ 9.0 i
o Ras - Assuma coupling similar to 2°. TIt/m' = T/M(Z%)
P - w32 To study very well E-besm resol. should
L G 5000 Like be better than 3%.
200 cav) z°
Nevonia [ 12 [y, ¥'Like 2 U111l have substantial veak decay g * W + q, H + q.
3 almost Fr(' *w+q)= §x 1073 ¥ '. Separation of two
25 b=to-b onfume = S x 10™M_'. HRande resonance is broadened.
Yost promising detdction 1s by K steps at threshold
aud sphericity above threshold, and by jump in WH W~
froc veak decay.
Tachni- py 1s supposed to be very wide. Its tail sight
colour be sesn at E . 700 GeV or less. w_ also Iool‘t-
P > AT .11ke a Higgs. M(w{)(1S + 100). See Fig. 1 for
D,(H 2 “ 10 : - L:n: ‘4 .dltil’llf.ll in two wodels, and Ref. 3 for more
700 CeV) Pgl. z. W etails.
New Higgs ' 3 v
. L) o Can be produced up to kin. iim, Mo = E 0.
° 4+ W -16 “-r -2 6 The 2s or WS can be used a8 2 tags Inv. Hass
He = [] W of di-jet is neaded. New Higgses can be accommdated
200 CaV N = 200 in the standard model. Study of Rigge is bast at
high snergias.
. B3 factor requires energies sbove H' mass, Di-jet
ata'- 38" |6~ heavy |4 co 6 | mess 18 needed. H* B~ has sin28 distribution.
q ~ pairs The No. of jets depends on quark masses.
Sup. Sywa
37 EE} G*q+Y In thac case ve get tvo jets back to back zlsost with
» 1= [ some missing energy. B factor and 81028 for § 7.
dd } [T+q*E
V¥ a3y
< o2
I’T .32 T+74 These are scalar leptous. They behave like scalar quarks
e - 2 with q replaced by £. The energy scale for super Jyma.
HES Y is un— might be like wesk interaccions % .00 GeV. WKote 87 fact-
o "o -14 ssen ind s1n%0 distribucion.
L2 )
v“ﬂ ~ 2 These are supposed to be leptons with apin 1/2. See
QTT+ Paference 5.
IT0
O: e + | Dapends Can place limits on electron’s 1Evnrl size A > 16-30 TeV.
LI on scale At fi v A, d(ete” = e*a”) A 1/A%, & “scrong" intersction

cross-aection.
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TAMLE IT.
State ?° oy iy n.Q Rest” Rast(cos 8 < 5™
R ~ $000 ~ 10~20 L ) ~ 2 ~ 33 ~ 20
W/Day
e =102 73000 150-300 s % s2s 200

* 23 unite of R for uncut vt W™, 2°2° (sae Ref. 2 (c)), 10 units of known quarks,

4 unite for suparsymmatric particles.

«r yt g, 2929 after cuta for solid angle (Ref. 2 (c)) :ive S units. Remainder

(14 unice) left uncut.



