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Abstract 
Ihe proposed SLAC Linear Collider Project (SLC) 

and its features are described In this paper. In tinea 
of ever increasing costs for energy the electron sto
rage ring principle is about to reach its practical 
Halt. A new class of colliding bean beam facilities, 
the "Linear Colliders", are getting more and oore at
tractive and affordable at very high center-of-mass 
energies. The SLC is designed to he a pioneer of this 
new class of colliding beam facilities and at the same 
time will serve as a valuable tool to explore the high 
energy physics at the level of 1.00 GeV in the center-
of-mass system. 

Introduction 

The cencer-of-mass energy of fixed target accele
rators as well as electron positron storage rings has 
gone up by a factor of about 10 for every 10 years. In 
the case of the fixed target accelerators we know that 
this progress was possible only because new techniques 
have been developed in time before the old technique 
reached its limitation. 

It seems that the design of the storage ring LEP 
in Geneva will stretch the principle very close to its 
fiscal limit. The design of an electron positron sto
rage ring with a center-of-ioass energy of say aore than 
200 GeV leads to unrealistically high investment and 
operating costs. 

We at SLAC have comEitted cirselves to the develop
ment of a new technique for a colliding electron posi
tron beam facility which seems feasible, both econo
mically and technically, for center-of-mass energies 
far into the hundreds of GeV. The idea is about as 
old1 as it is simple. Take two linear accelerators . 
aiming at each other, one producing a beam of electrons, 
the other a beam of positrons and collide these two 
beams. Obviously there is no synchrotron radiation in
volved, which causes the cost for storage rings to 
scale much faster than the energy. On the other hand, 
the cost for linear accelerators scales just like the 
energy. Not all the necessary technology for a col
liding linac beam facility has been developed yet and 
therefore It Is difficult ro cake accurate cost compa
risons. However, it is believed that a eenter-of—^ass 
energy of some 200 GeV marks the transition point above 
which linear colliders become less expensive than sto
rage rings. 

The Stanford Linear Collider (SLC) project2.3 is 
designed to be a pioneer facility to demonstrate the 
feasibility of larger colliding linac beam facilities. 
Apart of being the first of its kind, the energy of the 
SLC of 100 GeV In the ceiiter-of-mass system is high 
enough to allow us to investigate the unification of 
the veak and electromagnetic interactions which is ex
pected to manifest itself just below this energy. 

II. The SLC Project 
1) General Description 

The SLC project is a variant of a linear collider 
In as far as it uses only one linear accelerator. Both 

the electron and the positron bunch are accelerated in 
the same linac rf-pulse. At the end of the linac both 
beac-s are separated and travel through long arcs till 
they aim at each other. There a final focus system 
will compress the transverse size of the beams at 'ne 
collision point to a radius of about 2 ni-rometer 

The luminosity of a linear collider is given by 

4«c 
where N , N~ are the number of particles in the respec
tive bunches, v r e p the linac pulse repetition rate and 
o the radius of the beam at the collision point. With 
the present performance parameters of the Stanford Li
near Accelerator we could expect a luminosity of ne 
more than about 102^cn~2sec~l apart from the fact tiiat 
the beam energy would be only 30 GeV. The SLC project, 
to be a feasible facility for high energy physics, re
quires therefore a significant upgrading of the linac 
beam iiarameters in energy, intensity and beam enittance 
(Table 1). The higher energy requires some modifica
tion of the klystron modulator while the intensity of 
the beams can be drastically increased only by com
pletely new designs of the electron gun as well as the 
positron source. The required small beam emittance is 
achieved by two sic.ill storage rings < ... ping rings) 
•where the beaus are stored for a few i •seconds to 
reduce the beam er.ittar.ee through sym -<• "on radiation. 
A more detailed description or the new components will 
follow later in this report. 

Table 1 ) 
SLAC now For SLC ' 

energy (GeV) 32 50 

i n t e n s i t y / S - b n n d bunch e e eV" 
1 0 8 I 0 9 

5 . i o 1 0 1 
bean uT.ittance o : J ' > ( C ) 6-10~ 3 b - l l f 4 3 - I D - 5 | 
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A schematic layout of the SLC facility Is shown in 
Fig. 1 and the operation cycle goes as follows. This 
cycle begins just before the pulsing of the linac. The 
electron and positron damping rings each contain two 
bunches of 5 * lO1^ particles at an energy of about 1.2 
GeV. One of the positron bunches is extracted from the 
damping ring, passes through a pulse compressor which 
reduces the bunch length from the centimeter typical of 
the storage ring to the millimeter required for the 
linac, and is then injected into the linac. Both elec
tron bunches are extracted froa the electron damping 
ring, pass through an independent pulse compressor, and 
are injected into the linac behind the positron bunch. 
The spacing between bunches Is 17.£ meters in the linac. 

The three bunches are then accelerated down the 
linac. At the two-thirds point, the trailing electron 
bunch is extracted from the linac with a pulsed nagnet 
and directed onto a positron-production target. The 
positrjn bunch and the leading electron bunch continue 
to th' end of the linac, where they reach an energy of 
SO GeV. At the end of the linac the two opposite charge 
bunches are separated into the two arcs after which they 
pass through an achromatic matching and focusing section 

on with the opposite beaa. 
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rected to a tungsten-rhenium target to produce posi
trons. A aeries of pulsed and dc-solenoids between 100 
kG and 5 kG capture positrons between 2 and 20 HeV at 
an enlttance of 5 MeV mm. The effective yield is cal
culated at 4.8 positrons for each electron. This is far 
more than we need but it seems prudent to allow for con
siderable lasses between the target and the damping 
ring. 

Damping rings and bunch compressor.6 Two damping 
rings are required since both electrons and positrons 
cannot be produced with the required small emittance and 
high intensity. Some of the parameters of the damping 
rings are compiled in Table 2. 

Fig. 1. General layout of the SLAC Col
lider. 

The positrons produced by the "scavenger" electron 
bunch that was extracted at the two-thirds point of the 
linac pass through a focusing system at the positron 
source, a 200 HeV linear accelerator booster, a 180° 
bend, and an evacuated transport pipe located in the 
existing linac tunnel. This brings the positron bunch 
back to the beginning of the linac. At this point, the 
positrons pass through another 160° bend and are boosted 
to an energy of 1.2 GeV in the first sector of the ex
isting linac and then injected into the damping ring. 

2) -Vew Components for the SLC Project 
Modification of the klystron aodula-.or. In order 

to get a higher energy in the linear accelerator the 
second stage of the, SLED rf-pulse compression system 
(SLED II)1* wil] be Installed. In Lhe SLED principle the 
amplitude of the rf-pulse is increased at the expense 
of the pulse length. The maximum energy we expect to 
reach in this way is 51.6 GeV, 

Electron source.5 5-10 or more electrons must be 
produced into a small emictance and captured Into a 
single S-band bucket. Thermionic guns fall far short of 
meeting these characteristics. We will therefore utilize 
a powerful frequency doubled, actively mode locked, Q-
dwitched Kd: VAG laser to produce the electrons by pho-
toenisslon from a semiconductor cathjde. Such a gun has 
been used successfully at SLAC to provide polarized 
beams for the recent parity violation experiment. 

Positron source. Since we need as nany positrons 
as we have electrons per bunch we are faced with the 
problem of producing one useful positron for every elec
tron that strikes the convertion target. Fortunately 
the positron production is proportional to the energy of 
the electron. We accelerate therefore an electron bunch 
up to 33 GeV. At this point the electron bunch gets dl-

Table 2 

energy E -1.21 GeV 
intensity K -5*10 particles/bunch or 

I -68 ma/bunch 
no. of bunches n -2 
circumference C -35.27 TD 
tunes x y " 7.23/2.78 
damping time 
equilibrium 

T*,y 
C =G I 2.06 msec -9 9-10 raa i 

bean eaittance 

In order to achieve fast damping we have to utilize 
high bending fields (2 Tesla) and to obtain small omit
tance the focusing has to be very strong (63 T/m). 7 We 
need for the electrons a damping time of one inter linac 
pulse interval of 5.6 msec and twice that much for po
sitrons. Therefore, every 5.6 msec there are 2 electron 
bunches and one positron bunch ready to be accelerated 
in the linac. One of the electron bunches will be used 
for poeieron production and the other electron ûncti and 
the positron bunch are accelerated to 50 GeV f:r col
lision. 

The damping of the bunches introduces a slight com
plication. Particle bunches in storage rings are of the 
order of 2 cm loi-.g. This is too long a bunch tor an S-
bai.c1 linear accelerator. Between the damping ring and 
the linear accelerator, ws therefore have a bunch com
pressor system. This systea coxpresse^ rr.r. bunch length 
to 1 cm at the expense of the energy spread. 

Lin. control system. The acceleratioi of 
j-10 1 0 particles in one S-band bucket in SLAC is at this 
tine not feasible. The interaction of a bunch of this 
intensity dpeait = 2400 amps) with the accelerator 
structure generated wake fields which act back on the 
bunch in a destructive way. There are two components of 
the wake field. The longitudinal component generated by 
the head of the bunch decelerates the tail of tho bunch 
causing a large energy spre*. J. This effect we can coun
teract by accelerating the L>jnch ahead of the crest of 
the rf-wave. In this way the tail gets accelerated more 
than the head and if we now add the deceleration of the 
tail due to the wake field we can minimize the energy 
spread at the end of the linac. An energy .spread of 
less than 12 seems to be possible. 

If the head of a bunch travels off center through 
an accelerating structure a transverse wake field is ge
nerated. This field acts back on the tail of the bunch 
in such a way as to increase the deviation from the cen
ter. Therefore, a straight bunch changes more and note 
LD a "banana" shape during acceleration till the tall 
gets scraped off. This is called the beam break-up 
phenomenon. Clearly the effect is enhanced proportional 
to the charge in the bunch. For a given charge in the 
bunch this bean break-up can be minimized by improving 
the focusing, the control of the trajectory in the 
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accelerator and the align=ent of the accelerator. A 
major upgrading of the linear tccelerator control sys
tem is required to make the SLC project a viable pro
ject. With the new control system calculations show 
that for a bunch palliation of 5-10-° the eaittance 
growth due to the "banana" effect is not more than 15X 
assuming an alignment tolerance of 0.1 mm for the fo
cusing elements and the accelerating structures. With 
some optimism and operating experience it might be pos
sible later to increase the intensity to about 7*10 -D 
particles per bunch. 

Arc beam transport and final focus. After accele
ration to 50 GeV the two bunches are split and travel 
through two half circles toward the collision point. 
Special precaution has to be taken to minimize the in
crease of the beam emlttmce due to synchrotron radia
tion. The growth in the beam emittance is given by 

Ae (rad ir.) = 2.1-10-1Ip^.*y»3> E 5 (2) 

where c(m) is the bending radius, c(rad) the total bend
ing angle of the arc, p-; the length of the arc, E(GeV) 
the energy and <.ffiu^> a quantity which depends on the 
focusing and the bending radius. Since <.*7o3>~p~5 it 
is clear that the arcs should be as large as the avail
able site allows them to be. The focusing is chosen to 
be very strong to get a betatron phase advance of 120° 
which gives a minimum emictance growth.^*9 With these 
parameters in mind it turns out impossible to design a 
Separated function lattice which would not destroy the 
small beam emittance coming from the linac. We chose 
therefore a combined function magnet with a cross sec
tion as shown in Fig. 2. Each arc has some 400 magnets 

In Fig. 3 the result of the ray tracing calculations 
shows biiX of the beam within a radius of 2y and 90% 
within 4um which is what we assumed as a design goal. 

Fip,. 3. A scatter plot of 3000 rays 
traced through the final focus system 

III. Luminosity and Impn 

At the collision point we expect the 5*10 par
ticles per bunch to have a gaussian distribution with 
a standard value for the beam radius of o = 2 urn at 50 

Since the pulse repetition race is 
: calcula 

other e.iergie. 

. Eq. (1) a luminosity 

at 50 GeV . 

.v is shown in 

Fig. 2. Croi 
arc magnets, 
millimeters. 

tion of the SLC 
nsions art- in 

each 2.6 m long with every second magnet rotated by 1R0 
•,bout the bear axis with respect to the orientation of 
the sagner in Fig. 2, This way one cross section serves 
for ooth the focusing and the defocusing magnet. All 
magnets are strung like beads on four aluminum conduc
tors which serve as the excitation coils. 

At the ends yf the arc Die beam enters a 100 m long 
final focusing system which compresses the typical beam 
size of 100 urn in the arc down to iam at the interaction 
point. Since the energy spread in the beam is about 
•0.5X we face severe chromatic image errors in the final 
focus system. A sophisticated final locus system was 
worked out to both minimize the chromatic and geometric 
(astigmatism etc.) errors in the beam spot size at the 
collision point. A ray tracing study confirmed the 
feasibility of the design of the final focus system.10 

Fig. U. Luminosity vs cemer-c>:-
mass energy in the SLC. 

Here a: lower energies the luminosity Increases with 
-nergy since ac'iabatic da=ping during ac-eleratior. in 
the linac reduces the beam emittancc. .u energies above 
6C GeV per beam, however, the omittance blow-up in the 
arcs becomes dominant and red-jces the luminosity. 

A good prediction of the luminosity in storage 
rings always has been very difficult because it is still 
not known which parameters cause the beam-beam effect to 
limit the luminosity at a certain level. We think that 
a much safer prediction of the luminosity can be made 
for a colliding linac beam facility. Unlike in a sto
rage ring here the beams meet only once and are disposed 
of after the collision. We, therefore, believe we can 
calculate what actually happens when bath beams collide. 



When an electron and positron beam collide each bean is 
focussed by the other beam, a phenomenon veil known in 
plasma physics as the pinch effect. In Fig. 5 the ef-

Ar.orhcr possibility is being actl"ely pursued at 
SI.AC right now. This is to reduce the bean spot size at 
the collision point further to about 1.3 j=. In order 
stili to control the chromatic and geometric errors we 
plan to use for the last quadrupoles on either side of 
the collision point permanent magnets made from a cobalt 
samarium alloy (SroCo^).12 Such magnets have a permeabi
lity of u * 1 and can therefore be moved into the de
tectors without perturbing the drtector fields. A small 
sample quadrupole has been found sajtable and a full 
size prototype is being built scon. If both improvement 
possibilities should be realized we could expect a 
luminosity of '•^•lO-'Ocm sec -* without enhancement 
due to the pinch effect and V - 2.3-10 3 1cnr 2sec~ 1 if 
we Include the pinch effect. 

Longitudinal Polarization 
From a theoretical point of view it Is very im

portant to do the high energy physics experiments with 
polarized beaas. We do not see any practical way to 
produce polarized positron beams but the type of elec
tron source used in the SLC project has already produced 
an intense bean of longitudinally polarized electrons. 1 3 

the polarization then vas SOS and with the new electron 
gun a polarization of 902 seems possible. 

The longitudinally polari2ed electron beas is ac
celerated to 1.21 GeV. In the transport system from 
the linac to the damping ring a proper combination of 
vertical magnetic fields and a 6Tm superconducting 
solenoid will cause a g-2 precession such as to erect 
the electron spin into the vertical direction.'^ This 
direction of the spin will be preserved during the 
storage time in the damping ring. T.n the transport line 
from the damping ring to the linac we have two 6Tm 
superconducting solenoids together with the necessary 
vertical magnetic fields. Depending on the setting of 
the strength of these two solenoids we Lan produce any 
spin direction we want at the reentry point to the 
linac. In practice this spin direction will be chosen 
such that together with the g-2 precession in the col
lider arcs we obtain the desired polarization (longi
tudinal or transversa) at the collision point. 

Conclusion 
The SLC is designed to be a pioneer project :>>r J 

ne1.- kind of colliding electron positron bean: tacililv. 
] t serves two purposes, first to provide a tenler-,':-
mass energy at the collision point of 133 GeV to aiiow 
the exploration of at: extremelv interesting area in 
high energy physics, second to test tht :easibiiit-- an<i 
special 'features of stiK larger linear co\::d;r.t :-VJ~ 
facil'tios. 

Since the electron storage ring teiiniqm.- IJ res •'•-
lug its limits, new avenues in accelerator rl:'.";i,-̂  h.iv.-
to be pursued and we at SLAC are ready to do ]usi '.'i-it. 
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