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1. Introduction 

[t has been recognised for some time that the extension of 
conventional electron-positron storage rlnp to energiea higher 
than a few hundred GeV to very difficult b e a u * of lb* rapid 
increase with energy of synchrotron radiation in the ring bend
ing magnets. An alternate strategy for the production of high 
entity collisions is the linear collider in which the collations are 
achieved without the need Tar such binding magnets, Although 
synchrotron radiation ii a problem even In linear colliders be
cause of the interaction between the beams at the collision 
point, this problem is not fundenwatalj there are several way* 
of changing the strength of the Deanvbeam Interaction with
out changing the area of the interaction point end hence the 
luminosity. 

The SLC project, which first received funding in 1083, is 
intended to be the Grit to t of linear collider technology. Fortv-
naterjr the (then postulated) existence of the 2 particle, hav
ing a mass of 93 GeV and a ujiilarity saturating cross sec
tion, made it possible to design a tejt-of-concept Knew collider 
which would satisfy valuable particle science objectives a* well. 

The accomplishments reported on in this paper are the 
result of the effort* of t large number of persons. No attempt 
has been made herein to refer to individuals ot to cite published 
or unpublished documents. Many of the results summarised 
here are resorted in mora detail in numerous report* at this 
Conference. 

The construction of (he SLC was completed In March, 1A87, 
at a total cost of just under 115.* million dollars. Since Febru
ary, 1B86, various parts of the project have been commissioned. 
The initial commissioning luminosity goal I* 6 X 10"/"m--sec-
At this luminosity the production rata of Z particles is 15/day. 
Whan this luminosity goal is reached a detector will he placed 
around the interaction region and running for particle science 
purposes will begin. It b presently anticipated that this run
ning will start on June IS. Table 1 shows the value, of the 
SLC design parameters and the approximate value* which will 
yield the initial luminosity goal. 

J. Project Description 
An overall layout of the SLC hi shown in Fig. 1. Two 

20 cm long bunches of electrons are emitted from a gated 
thermionic gun and accelerated to 160 keV. The bunches paaa 
through two 178 MHt RF cavities and drift spaces and a n 
compressed in length. Final compression is accomplished in 
a section of 2.8 GHz cavities. After pissing through these 
cavities the bunches have been cojnpretMl? to an rms length 
of about 2 mm each, Ths short bunches are accelerated in 
a linear accelerator to 300 MeV. At this point the two elec
tron bunches are joined by • ZOO MeV positron bunch and 
all three bunches are accelerated to 1.3 QeV. A splitter mag
net deflects the electron bunches into a storage ring where their 
transverse ernittance is damped by synchrotron radiation. The 
positron bunch is deflected into a different storage ring where 
its transverse emittnnee is also damped. After a time interval 
of 5.5 mS or lunger, depending on the accelerator repetition 
rate, the positron bunch is extracted from tire position storage 
ring. Approximately sixty nanoseconds later the first of the 
two electron bunches in the electron storage ring is extxacted-
Sixty nanoseconds later the second electron bunch b abe 
extracted. 

"Work supported by the Department of Energy, contract 
DE-ACO3-TeSF00SlS. 

Table 1. Bask Parameter Specifications 
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The beam transport lines between the storage rings and 
the accelerator are provided with sections of powered wave
guide which are used to introduce a correlation between the 
energy of the particles in the bunches and the positions of the 
particles along the bunch. This correlation, in combination 
with the non-isochronous beam transport, causes the length 
of the bunches to be compressed from the equilibrium value in 
the storage rings (0.6 cm) to the length needed for acceleration 
in the linen accelerator (1.6 mm). 

The positron bunch and the first electron bunch which fol
lows it in the linac are accelerated to Si GeV. The two bunches 
are separated at the high energy end of the accelerator and 
iravct through beam transports which bring them into colli
sion at the Interaction point. After interacting, the bunches 
are deflected into beam dumps. 

The second electron bunch accelerated in the linac is ex
tracted at the 2/3 point of the linac, at an energy of 33 GeV, 
in order to produce positrons. The positrons are acceler
ated to 200 MeV and are returned to die injector end of the 
accelerator. 

S. Status of Commissioning of 
the Major SLC Systems 

Electron source and 1.7 CeV linear accelerator: 
A schematic diagram of the electron (and positron) injector 

is shown in Tig. 2. The design goal Tor the electron injector 
is to provide two bunches of electrons with a population of 
7.S x 10'° each and a momentum spread or less than ±1% for 
injection at 1.2 CeV into the electron storage ring. The design 
goal for the transverse emittance of the bunches depends on the 
repetition rate of the linac. A lower repetition rate permits a 
longer time fo? synchrotron radiation damping in the storage 
ring. The specification for 180 Hi operation is a maximum 
transverse emittance of 30 x 10"* rarad while the specification 
for 120 Hi operation is 180 x 10"' rar&d. 

In the recent commissioning period bunch populations of 
6 x IO 1 0 nave been present at 40 MeV and 5 xIO 1* at 1.2 GeV at 
the injection septum of the electron storage ring. The energy 
spread specification has been met without difficulty under this 
operating condition. Up to now the commissioning has been 
conducted with the acceleration of a single bunch of electrons. 
When a faster rise time extraction kicker is installed In the elec
tron storage ring it will be possible to accelerate two bunches of 
electrons. It is more '"••Jicult to maintain both bunches within 

the 2ft energy aperture of the storage ring because of the beam 
loading effect of the leading bunch on the trailing bunch. This 
compensation is accomplished by injecting the leading bunch 
into the accelerating structure before its peak voltage has been 
reached. Feedback has been developed to maintain the energy, 
energy difference, and energy spread of the pairs of electron 
bunches. The acceleration of two bunches with a population 
greater than S x 10" each and with a combined energy spread 
of less than 2% has been demonstrated. 

Transverse emittance measurements at 1.21 GeV are shown 
in Fig. 3. The point at 1.0 x 10" particles is the combined 
emittance of two S.0 x 10 l° bunches accelerated simultaneously 
to 1.2 CeV. The emittance specification far 120 Hz operation 
has been met at bunch populations as large as 1 x 10" while the 
emittance specification for 180 Hz operation has not been met 
consistently at bunch populations exceeding A x 10 1 0 . Since 
the initial operation of the SLC will be at 120 Hz or 60 Hi, 
present electron beam emittance is adequate. 
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Fig. 3- Electron transverse emiltance 
measurements at 1.21 GeV. 

Storage Rings: 
Two identical storage rings are part of the SLC design. 

These rings are used to damp the transverse emittance of 
positrons or electrons to meet the SLC invariant emitiance 
specification of 3.0 x 10" s mrad. The commissioning of the 
electron storage ring has been completed. A photograph of this 
ting is shown in Fig. 4. Figure 5 shows a measurement of the 
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Fig. 2. Schematic view of the SLC 1.2 GeV Electron (and positron) Injector. 
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transverse emittance of the extracted electron beam as a func
tion of storage time. At the present time the SLC cannot 
operate at a repetition rate greater than 120 Hi (ft\3 ma stor
age time) because of power (Imitation* on the Knee modulators. 
The electron storage ring easily meet* ike SLC specification for 
emittance at 120 Ha. To meet the BLC specification at 180 Hi 
it will be necessary to couple vertical and horizontal betatran 
motion to decrease the bortxontal emUtance after S3 a s . 

Fig. 4, Tot SLC electron storage ring. 
2 

Fig, 5. The emittance of the beam extracted Cram the electron 
storage ring as a function of storage time. The vertical emit
tance itt is smaller than the horizontal omittance because the 
ring is operated without coupling. 

The specification on the eoniBbrhno RMS bunch length in 
the storage rings is 6 mm. The bunch compression system be
tween the rings and the ttnac was designed to compress a » mm 
bunch to O.S mm. Figure 6 shoav a measurement of the bunch 
length of the beam extracted from the election ring. The in
crease with current of the bunch length was not anticipated 
in the design of the compression system. Because the storage 
ling bending magnets operate at a field of 2 Tesla an objective 

of the initial design Was to make the size of the vacuum cham
ber as small as potable. Recent calculations have indicated 
that the longitudinal impedance of the vacuum chamber is too 
large. There are many transition* where the shape of the vac
uum chamber change*. Although an attempt was made in the 
original design to smooth these transitions, recent calculations 
show that the Impedance reduction that was achieved was in
sufficient. Until the rings and compression system are modified 
it may not be possible to reach the SLC design luminosity. A 
plan of modifications is being developed at this time. 
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Fig. 6. The bunch length (o-,) of the beam ex
tracted from the electron storage ring. 

The SLC specification calls for the simultaneous injection 
and extraction of two electron bunches separated by about half 
a ring circumference. The difficulty of constructing the injec
tion and extraction kickers wis not appreciated at ihi time 
the rings were designed. The space allowed for the kicker mag
nets turned out to be too small for magnets that could fas 
constructed easily and the first kicker design did not meet the 
required specifications. A new kicker system has been designed 
and the first example constructed has been installed as the in
jection kicker. Two bunches with a population greater than 
1 x 10 1 0 electrons each have been injected into the ring. A 
kicker suitable for extraction is being constructed now. Un
til this kicker is installed and successfully commissioned, the 
SLC will have to operate in a mode in which only one bunch 
of electrons is present in the storage ring at any time. In this 
mode, collisions at the interaction point will occur on every 
other linac pulse. 

The position storage ting was commissioned with electrons. 
The polarity of this ring was recently reversed and the com-
mbsnmmg with positrons has just begun. A positron bunch 
population of 4 x 10* has been achieved. 

50 GeV Linear Accelerator: 
In order to achieve the energy gradient required for SLC 

operation it was necessary to design and produce a new higher 
power klystron. This klystron is known as the 5045 and it 
replaces the previously Installed XK5 klystrons. This new 
klystron operates with a peak power output of about 67 MW 
and a pulse length of 3.5 JIS. The original specification of the 
new klystron was 50 MW and 5.0 pa. Midway along in the in
stallation of new klystrons It was found that the new klystron 
bud a better energy efficiency when operated at a higher peak 
power and a shorter puke length. AH of the klystrons that 
were not yet installed were provided with pulse transformers 
with a higher step-up ratio in order to accommodate the new 
operating condition. 

The principal difficulties which were encountered in the 
production of the new klystron were window breakage, cath
ode gas emission, and microwave instability. Despite a con
siderable effort, no single window solution was found. The 



output power from the klystron la now split in half and di-
1 reeted through two window! and then is recombined. Window 

breakage la now a very infrequent event. The emission of gas 
a l from the cathodes has been eliminated by altering the cathode 
•I manufacturing procedures. Finally, a beam breakup instability 
Z has been Improved by small changes in the klystron cavities. 
•! The present yield fo? producing a satisfactory klystron from 

I parte in t h e 8LAC factory is greater than 75%. 

T h e linac is now equipped with 2 0 0 of the new klystrons 
• and 44 of the old klystrons. The average energy gain provided 

by 4 0 tot of accelerating structure powered by one of the new 
klystron* is 340 MeV. Over one million operating b o m s have 
been accumulated, mostly at a repetition rate or 10 H i . The 
cathode lifetime is now projected to he greater than 40,000 
hours and the mean time between failures is now about 18,000 
hours and is rising. 

Higher gradients in the accelerating structure have not 
been troublesome. There are locations in the accelerator where 
one klystron drives two accelerator sections rather than four. 
Evan these sections function satisfactorily. It was necessary, 
however, t o replace the original waveguide valves. This valve, 
which must pass microwaves when open, serves to make a vac
uum seal when closed. T h e old valve could not handle the 
high* r power levels of the new klystrons without arcing. 

Space charge forces within the accelerating waveguide a n 
very large. In order t o keep transverse wake fields from dis
placing the phase space of tile trailing part of the bunch from 
the phase space of the head of the bunch, strong focusing and 
accurate beam centering within the linac irises is necessary. 

1 The SLC design calls for an RMS beam centering error of 100 
microns or less. Figure 7 shows horiionta) and vertical beam 
positions through the linae that are typical of recent operation. 
The RMS error is 200 microns. Figure 8 is the profile of the 
electron beam at 47 GeV. The profile has a small tail caused 
by wake fields and a residual shape from mismatch from com
pression in the transfer line between the storage ring and the 
linac. Figure 9 shows a profile when the beam in the linac is 
not carefully centered in the Irises. The tails contain a larger 
proportion of the charge than when the beam is centered in 
the Irises. 

Table 8 shows a summary of invariant emittaace measure
ments made at various distances along the linae. The vertical 
emlttauca meets the SLC design specification of 3 x 10~* mrad 
at bunch populations u p t o 1 x 10'° . The horizontal emittance 
Is aomawhat larger- It is believed thai this difference results 
from residual dispersion present a t the injection point in the 
linac w h e n the horizontally-bending bea*n transport between 
the storage ring end the linac are Joined. 
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Fig. 7. Horizontal (X) and vertical (Y) beam positions 
measured along the linear accelerator. 

Fig. 8. Ejection beam profile at 47 GeV. The small tail is 
caused by transverse wake fields The core of the spot ia about 
10th> in diameter. 

Fig. 0. Electron beam profile of a poorly steered beam. Large 
tails are evident. 

Table 2. Summary of Transverse Emittance Measuresients 
Invariant emittance in unite oM x 10 - > mrad. 

I ia m units of 1 X 10'° end E in GeV. 
Location in Linnc 1 E V* •K. 

Ring Exit 2 1.2 2.2 ±0.3 0.4 ±0.1 
OKm 2 1.2 1313 1.3 ±0,3 
I Km 0.7 8.5 8 ± l 
lKm 1.5 8.5 11 ± 2 2.5 ± 0.3 
3 Km 0.4 43 7 ± 1 
3 Km 0.8 47 12 ± 4 1.1 ± 04 
3 Km 1.0 34 25 ±5 2.1 ± 1.0 
3 Km 1.5 43 20±5 4 ± 1 

At bunch populations below 1 x 10*° it is routinely pos
sible to maintain a total energy append in the beam of Jess 
than 0.4%. When larger populations are accelerated, the en
ergy spread increases because of the bunch lengthening in the 
storage ring;. It ia intended to maintain the energy and energy 
spread of the linac beams constant by the use of feedback sys
tems. Figure 10 slum the open loop energy error lor electrons 
detected at 47 GeV over two-minute intervals. Figure 10(a) 
shows the effect of a faulting klystron. The faulting klystron 
was removed from the beam before the data of Fig. 10(b) were 
taken. The not energy jitter it lets than 0.1376 in Fig. 10(b). 
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Figure 10 

Positron Source: 
A schematic diagram of the SLC positron production sys

tem U shown in Fig. 11. Figure 12 shows the positron pro-
iuetion target and the first magnetic focusing element in the 
system, Typical recent performance figures for the positron 
lource are ishown in Table 3. More than l.S positrons are 

Table 3. Recent Performance Figures for 
the SLC Positron System 
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Figure 12 

present in the momentum-analyzed 200 MeV return line beam 
for every electron incident on the positron production target. 

The presently installed positron source hardware is not op
erating at the design specification parameters. In particular, 
the adenoidal focusing throughout the system is operating at 
from 0.6 to 0.75 or the design values. Furthermore, the acceler
ating gradient in the section where the positrons are captured 
into RF buckets is operating at 0.5 of the design value. Finally, 
the channel in the septum where the electrons are extracted 
from the linac contains a partially collapsed vacuum cham
ber. All of the components that axe not operating according 
to speci6cation will be replaced in May. When these changes 
are made, it is expected that the positron yield will double. 

The positron bunch length is a very important parame
ter because the positrons must be accelerated to 1.2 GeV in 
a 2856 MHz linac. Since the momentum acceptance of the 
positron storage ring is only 2%, the positron bunch length 
muBt be less than 6 mm total, A Cerenkov radiator coupled 
to a streak camera is used to measure the bunch length. A 
recent study of the bunch length and yield as a function of 
capture-KF-section phase is shown In Fig. 13. It is intended 
to also use the two 180 degree bends in the positron system 
to compress the bunch length. A considerable contribution to 
the positron bunch length is the bunch length of the electron 
beam used to produce the positrons. Until the bunch length
ening problem in the electron storage ring is corrected, some 
of the positrons produced may not be accepted in the positron 
storage ring because they will hove too large an energy spread. 

4. Benin Transport Between the Linac 
and the Final Focus 

A very high gradient beam transport system (n = 32824) 
is need between the linac and the final focus. Strong gradients 
are used to suppress the emittance growth caused by quantum 
fluctuations in the emission of synchrotron radiation. Figure 14 
shows a schematic cross section of the beam transport magnets. 
Because the gradients ore high, it was necessary to survey the 
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magnets into place with 100 micron accuracy The survey task 
was complicated by the fact that the high gradient transport is 
not all in one plane. It is steeply contoured to follow the slope 
of the eite on which the SLC is constructed. Initial testa with 
beam indicate that the survey tolerances were achieved. 

Beam trajectory correction is accomplished with a system 
of beam position monitors and mechanical magnet movers. An 
electron beam has been transported from the end of the linac to 
the final focus. Initial work on trajectory correction has begun. 
Figure 15 shows the beam position monitor reading throughout 
the electron transport at a time when only enough magnets 
had been moved to achieve transmission of the beam through 
the system. Work to adjust the magnet positions in order to 
achieve the specified 100 micron beam centering tolerance is in 
progress. 
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Fig. 13. Positron yield and bunch length as a function 
capture-RF-section phase. 
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Fig. IS, Beam position monitor data taken shortly after the 
electron beam was first transmitted to the final focus. The 
bottom scale is a rough intensity measurement. 

5. Final Focus 

The final focus optical system is designed to produce a 
chromatically corrected 1.7 mrad beam spot at the interaction 
point. When the momentum of the incident beam is within 
±0.5% of the design value, the optical system produces a beta 
value at the interaction point of 0.75 cm. A schematic diagram 
of this optical system is shown in Fig. 16. 

In an initial test lasting only a few hours electrons were 
transmitted through the north portion of the final focus to a 
stopper 20 meters from the interaction point without major 
steering corrections. A program to transmit the electron beam 
across the interaction point is now in progress. This program 
will consist of steering and focussing corrections to adjust the 
system to produce the design spot size at the interaction point. 

A 7 micron diameter movable wire has been installed at the 
interaction point to measure the beam profile. When beam 
profiles that are smaller than the wire diameter have been 
achieved the 7 micron wire will be replaced with a 4 micron 
wire. After the optical elements have been adjusted to pro
duce a small beam spot, the beams will be brought into colli
sion through the use of a precision beam position monitor at 
the interaction point. This monitor has sufficient accuracy to 
bring the beams to within 10 microns of each other. When the 
beams ore separated by less than 40 microns the steering effect 
of one beam on the other can be detected with other beam po
sition monitors. The steering effect, which vanishes when the 
beams collide head on can be used to center the beams with 
an accuracy of better than one quarter of their transverse di
mension. Finally, detectors have been constructed to observe 
synchrotron radiation emitted during the collisions. The syn
chrotron radiation strength will be used to reduce the spot size 
below that which can be resolved with the 4 micron wire. 

Commotion 

Fig. 14. A Cross section of the high gradient 
beam transport magnets. The dimensions are 
given in millimeters-
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any fegat liability or responsibility for the accuracy, completeness, or use
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe
cific commercial product, process, or service by trade name, trademark, manufac
turer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily stale or 
reflect those of the United States Govemment or any agency thereof. 


