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1. I.ntrall'llctlo‘n

The SLAC Linear Coilider project (SLC) which began for-
mally in October 1983 is nearing complotion. Some systems
of the collider bave been completed and brooght into service,
aome are being completed this month, and the last systerm ure
scheduled to be finished by the end of November. The project
is slightly behind schedule, having originally been scheduled tn
be complete by the end of September, but progress has been
good and 8o major abstacles now sppear to stand in the way
of campletion.

The main performarce specifications of the 5LC are shown
in Table 1. The sscond colymn, labeled “First Yemr™, gives
the performance ¢ hope to atlain with the collider in ita ini-
tial form, and the third column, labeled *Nominal” gives cur
eventual goals — goals which exceed those set forth originally.*
The principal differences in the physical moachine between the
two calumns are in the repetition eate and the final demagniBi-
cation, The collider will oparate nitlally at repetition rates up
10 120 Haz rathier than 180 Hz and the fina} demagnifying lens
wystem uses Iron magnets instead of superconducting magnets

Table 1. Luminosity Specifications

The performance spacifications of the 8LAC Linear Collider.
The second column shows the performance expected from
the machine as It s being built, and the third column shows
the parformance goals eventually sought as the machine
3 improved,

First Year  Nominal Unita

Beam Energy 5¢ 80 E(GeV)
Repatition Rats  220(9 180 Hoec™Y)
Intenction Plux  Bx 10 72x30% N ()
Normalized Emit.

tance (st RTL) 3x207*  3x10°°  e{mmd)
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Fig. 1. Schematic layout of the BLC.

with the consequeres that the damagnification is less. Even
with these reductions in pesformance, the expected lominosity
will yield about 60 2% per hour — n sound baala for » vigerous
and froitful experimental program.

A schematic drawing of the SLC s shown in Fig. 1, which
identifies the rusjor systems of the collider, and in the following
sections, we shall discuss the status of esch aystem.

2. The Front End

The SLC frant end camprises the electron gun and bocater
and the Erat sector of the linae, (The linac is organized into 30

(s) Assummes technical contingency axarcived initially.
() Assumes ¢, comprassion In area due to p/s corselation,
()Assumes conventional iron qusdrupoles initially.

‘Work supporied by the Dapariment of Energy, contract
DE~ACD3-TE8F0081B,

Invited talk presanted at the S

.) The purpose of this part of the callider k. to produce
= pair of electron bunches, spaced apart by about 60 ns; to
bopst these bunches to an energy of sbout 200 MeV st the be-
ginning of Sector 1, where a ringle bunch of 300-MaV positrans
(which has been transported froin the positron souree) s In.
jected about 60 ns behind the tralling electron bunch; and
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accelerale all three bunches through Sectar 1 ta an energy of
1.21 GaV. At the end <l Suctor 1, the theee bunches are de-
flected into the north and south transport linea that lead to
the damping rings. At the output of the eleztron booater, the
electrons have an energy of mbout 50 MeV, a bunchlength of
about 2 mm and s normalized emittance ve = 15 x 10~% m-rad.
(Emitiances in this report are areas in phase space divided by
%.) In Aprll, 1986, the thermionic gon was displaced 38 deg off
Lhe linac axie to permit ingtallation of a polarized photoemit-
tet, also displaced by the same angle in the opposite direction.
‘Tha gun area is shown in Fig. 2. Testing of the polarized source
is planned for Jater in the year.

Fig. 2. The BLC gun ares, The thermionic emitter is inside
tha corrugated ceramic bushing to the left of center.

In erdar 1o iransmit the positrons with their large emit-
tance (yr = 1000 x 10~% m-rad) through the front end, a very
strong external focuzing system, shown in Fig. 3, is required.
An sarly ns October 1984, a pair of electron bunches was accel-
srated through the front end to full energy with bun::. sopula-
tiens of 8 x 101° slectrons each and within specified emittance,
and ihe front ead has been in regular use since Autumn 1985.

3. The Linac

The linac downst of the 4 g 2ings (Sectars 2-20)
has » length of 2000 meters and is powered by 220 50-MW
klystron tubes. A strong-focusing FODO lattice of 282 quad-
rupoles, together with beam position moniters and paire of
ateering dipoles associated with each quadrupols, constitute
the SLC beam facusing and guidance system. This system is

ded to p ite growth due Lo wake field effects.
More details of this will be presented by the next speaker,?
Fignre 4 shows ane station of the syatem. At this timse all cf
the magnets have heen constructed as have the beam positian
monitors. All of the dipales have been inatalled, and 235 of
the quadrupoles have been installed. All of tire dipoles are
operational and the quadrupales are hnn; commissioned now.

Fig. 4. The linac beam focusing and guidance system, AL the
Jeft of the photograph ls a quadeupsle magnel and the
associated horizental and vertical steering dipolu. A
beam position monitor 1n Imbedded in the bore of the
quadrupole, The pouitron return line can be seen at
the upper tight.

The accelerating gradient of tha linaz has had to be rajsed
to sccelerate SLC beams to 50 GeV. This n being sccem-
plished by replacing the kiystrons with new 80-MW (nowminal)
klystrons of SLAC design and manufacture. They are shown
in Fig. 5. We have found tha: these klystrons operate better st
60 MW to T0 MW with a ahorter pulse (3.8 usec) than they do
at their original design power of 50 MW with » longer pulse.
There are about 150 of these new tubes in service row on the
Iinac, and they are being manufactored at the rate of 1) starts
per month with a yield of between 70% to 8055,

For these more powetful tubes, the SLAC modulstors and
their azsociated syatems are being rebuilt. More datalls on this
Pprogram are reported to the Conference in another mer.'




Fig-5. SLCSO0-MW klysirane mounted in their oil-Glled pulse-
transformer tanks and surrounded by their focusing
electromagnets. The collector is upright and shickled

s lead and the dostble-window output circuit is next

tolt.
4. Damping Rlogs

The damping rings are lacated 1/30Mh of the way down the
linac at the end of Sector 1. The north damping ring {to the
Ieft in Fig. 1) is being commissioned aow., A photlograph of it
is shown in Fig. 6. The seuth damping ring has been zebuilt in
part and will be comnmlissioned later thir month, It was erigi-
nally built as & research and development vehicle, and it was
operated in 1984 and 1685.% Ite peformance revealed several
weakneszes in the original design that have been corrected in
the present deslgn, For exazaple, chromaticity carrection to
combat the head-tall instabllity was implemented in the origi-
nal design by shaping tha ands of the poles of the dipole mag-
nets to produce Jocal sextupole Selds, Sines the dipeles are
aperated at a fleld of slmost 2 Tasln, the pole pleces are same-
what saturated, snd the pracise field shape desived la difficult to
achivve in prastice. Unwanted higherorder Be)ds tead to arine.

Fig 6. The aorth damping ring in ity underground vaulk.
5. Poaitron Sovrce®

The positzon sonrce system ls wvhown schematically in
Fig. 7. When a positron bunch and un electron bunch are
launched into the linae from the dumping rings to be mceel-
erated and collided st the Gnal focus, & third bunch (elec-
trana) is also launched, tralllng them. When the third bunch
reaches the two-thirda polat of the linee, » fast kicker mugnet
deflects it out of the linac into & 33-CeV extraction Jine which
transports it to & heavy matal target where it produces an eler-
tromagnelic shower. Posltrons are collectad from the shower
by solenoids and a high-gradient sceelerater. They are ac-
celerated to about 200 MeV by a short linac and sent via an
isochronous beam tranaport line in the maln linac housing back
to Sector 1 of the linae, The extraction line and a portion of the
positron return line are shown In Fig. 8, The last parts of this
system are being installed now, and commissloning has atarted.

6. The BLC Arcs
The SLC atcs sse compored, for the most part, of very-

In the present design, the poles ars optimired to produce the
highest dipole field — and with it the smallest bending radius
and the fastest damping tiroe — sod the sextypole ficlds nre
prodaced by compatt pirmanspi-magnet sextupoles.
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ng-focusing alternating gradient magnets with an aperture
of caly about a centimeter. In 30-GeV cperation, thase max-
nets produce & bending Beld of sbout 0.6 Tesls and » gra-
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Fig. 7. Bchematic dirgram of the positron soures system.
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Fig. 8. Photograph showing the 33-GeV extraction line and,
above it, a partion of the 200-MeV positron veturn

line.

is dictated by the need to suppress, as much as possible, the
growth of beam emittancs due to quantum fuctuations in the
synchrotron radiation. Each individual magnet core is about
2.5 m long, and all of the cores of an arc are excited by » single
turn of conductor above and a single turn below the gap. The
turns are formed by square aluminum bara measuring shout
5 cmm on u side, There nre, in addition, trim windings on each
core. Figure 9 is a photograph of & portion of the south arc in
an early stage of alignment. The cores are mounted with their
back legs alternately on the inside and the outside of the orbit.
A pair of the aluminum bus bars can be aeen in the center;
the oppesing pair is hidden,

Fig.B. A portion of the south arc in the process of alignment.

7. Final Focus

All of the 905 alternating gradient magneta have been built,
measured, fitted with their vacuum chambers and assigned to
their locations in the ring. The AG magnets for the south src
are il installed and 50% of those for the north arc are installed
Beam position monitors, whichapan bet the AG mag
Lave all been fabvicated and are being installed now. The sren
are scheduled to be ready for beam Lests by October.

The fina} focus system, filling the last 500 (eet of tunnel
on either side of the interaction point, contains the elements
that demagnify the beams to a finsl spot size of about 2 gm,
ateer them into eollinion, and transport the disrupted outgoing
beams to beam dumps. This system of the SLC, being the last
1o receive beama, has been the last to reach the fabrication
atage. At this time, most of the shop facilivies at SLAC —

hanical, el ics and — are busy making pasts
fer the final focus system. Moat of the magnets and other ma-
jor components are finished and are awaiting final calibration
and mounting on their support girdera. The final mounting of
magnets with vacuum chambers and dizgnostic instruments is
expected to get under way in about three weeks. As each girder
is finished, it will be transported to the tunnel anl inatalled.

In the tunnels and the experimental hall, preparations are
being made now to facilitate the installatian of the girder as-
semblies. The cable trays and plumbing in the tunnels are
finished, and the installation of cables is proceeding. The firat
racks of control electronics, fully wired and Lested, will be in-
stalled in the experimental hall in about two weeka.

In parallel with the construction activities, the final fo-
cus groud haa been developing instruments and procedures for
measuring the emittance and dispersion of the beams, guid-
ing them into collisien, and diagnosing problems. Of particu-
lar intereat are devices to detect the beamstrahlung radiation
emitted by each bunch as it passes the opposing bunch. This
previously unobserved phencmenon is expected tn provide a
powerful diagnostic signal to guide us in tuning the machine
for maximum luminosity.

Looking nhea’ design work has already started on high-
gradient superconducting quadrupole magnets to replace the fi-
nal triplet lena. Prototype superconducting quadrupoles, built
at Fermilab specifically for this application, have been

[ully tested and shown tc meet the strength and field-quality
requirements of the SLC,

8. Conventional Facilitles

Figure 10 shows the SLC site in an aerial photograph
taken during the underground portion of the construction of
the Callider Experimental Hall (CEH) which is the only man-
ifestatlon af the SLC readily visible from the air. The status

Fig. 10. Aerial photograph of the SLC aite taken duting the
early construction of the Collider Experimental Hall.



of construction of the CEH in May ie shown in Fig. 11. The
near side of the building houses the counting house, and the
concrete pad for the utilities can be ecen in the foreground.
The Grst detector to use the SLC will be tr: venersbic but
improved Mark 1T which had sean service st both SPEAR and
PEP. It i being installeo in the SLC experimental pit now for
use next Spring, and Fig. 12 shows the firet of ite parts being
lowered into the pit.

Fig. 11. The Collidar Expulmual Hlll in May 1086.
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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
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