
beam illuminates the reactivated 
15 foot bubble chamber filled with 
a neon-hydrogen mix using holo
graphic photography of the events 
with a pulsed ruby laser, and, of 
course, supplemented by external 
counter detectors (Berkeley/Bir-
mingham/Brussels/CERN/Fermilab/ 
Hawaii/IIT/lmperial College/Mu-

/nich/Oxford/Rutgers/Rutherford/Sa-
clay/Stevens/Tufts collaboration). 

Use of the 15 foot chamber as 
new energies are reached is in the 
tradition of bubble chamber phys
ics - the all-seeing eye which can 
reveal the unexpected, compared 
to the electronics experiment 
which has been traditionally tuned 
to observe some specific features 
of an interaction. The 15 foot (like 
the Tohoku chamber mentioned 
below and a counter experiment) 
is also lined up for a beam-dump 

experiment. Unfortunately, the 
beam-dump programme at the 
new high energies has been de
layed because the facility is fairly 
expensive to introduce (it uses 
magnets to eliminate charged par
ticles rather than an earth shield 
or other passive filter) and it has 
not yet been possible to finance its 
construction. 

Fermilab remains well populated 
with bubble chambers, which have 
now been exterminated at CERN. 
A 1 m heavy liquid bubble cham
ber from Tohoku, also using the 
holographic technique, has re
cently come into action for a Beij
ing/Brown/Fermi lab/Haifa/Indiana/ 
MIT/Nagoya/Oak Ridge/Tel-Aviv/ 
Tennessee/Tohoku experiment us
ing the narrow-band neutrino 
beam. Also the 'Little European 
Bubble Chamber', LEBC, is being 

used in conjunction with the Fer
milab multiparticle spectrometer 
to study charm particle production 
in proton-proton interactions 
(Aachen/Brussels/CERN/Duke/Fer-
mi lab/Florida/Col lege de France/ 
Kansas/LPNME/Michigan/Mons/ 
Notre Dame/Sfrasbourg/Vander-
bilt). 

These are just a few of the ex
periments in the fixed target pro
gramme. Other special ones await 
facilities planned in the second 
phase of Tevatron II. These include 
a new meson beam to provide a 
high flux of pions up to 800 GeV 
and a polarized proton beam (from 
polarized lambda decay) at ener
gies of over 100 GeV. 

By Brian Southworth 

The rising sun of particle physics 
The TRISTAN Accumulation Ring with, 
right, the positron injection line, which 
should soon come into action. 

A new entrant is set to join the se
lect league of big-time high energy 
Laboratories. Thanks to imagina
tive planning and hard work, the 
Japanese KEK (Ko Enerugi butsuri-
gaku Kenkyusho) National Labora
tory will soon become a new 
world focus for particle physics re
search. 

KEK's original research pro
gramme was (and still is) based 
on a modest 12 GeV Proton Syn
chrotron which began regular op
eration in 1977. But even before 
this got underway, plans were 
being prepared for a big new ma
chine which would push the Labo
ratory to the forefront of physics. 
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A completed portion of the TRISTAN Main 
Ring. Note the roominess of the tunnel. 

The TRISTAN project as initially 
proposed foresaw a variety of col
liding beam options, hence the 
name TRi-ring Intersecting STor-
age Accelerators in Nippon'. Sub
sequent thinking focused on the 
electron-positron option, leaving 
other possibilities for the future. 
Hence the Tri-ring in the original 
name has been modified to 'Trans-
posable Ring'. 

For five years, KEK confined its 
attention to experiments with pro
ton beams. Then in 1982, a 400 
metre-long electron linac, the sec
ond longest in the world after the 
two-mile machine at Stanford, be
gan pumping out 2.5 GeV elec
trons. Its initial job was to feed a 
storage ring for synchrotron radia
tion experiments, hence the name 
'Photon Factory'. However the 
linac was destined to serve also as 
the injector for TRISTAN. 

TRISTAN construction work is 

forging ahead fast. The 3 kilometre 
Main Ring tunnel is complete and 
installation work is progressing 
well. A 650 metre arc has been fit
ted out and Japanese hopes are 
high that first colliding beams will 
be achieved in the fall of next 
year. The stated energy goal of the 
'site-filler' Main Ring is 30 GeV per 
beam. While initial performance 
might be below this figure, the 
machine could be pushed up to 40 
GeV per beam. 

While the Photon Factory quietly 
built up a multidisciplinary com
munity (2000 synchrotron radia
tion users now), a 370 metre 
circumference ring, to accumulate 
the positrons and electrons prior 
to injection into the Main Ring, 
was built near the synchrotron ra
diation source. Upstream, a high 
current 200 MeV linac was in
stalled to provide the positrons, 

providing one antiparticle per 700 
electrons. 

This year, positrons have run 
the full length of the linac, and it is 
hoped to have them soon circulat
ing in the Accumulation Ring. The 
first electrons circulated in the Ac
cumulation Ring in November 
1983, but this year electrons have 
been extracted into the main ring 
injector line, hitting a temporary 
beam stop just before the first 
completed arc of the Main Ring. 

In the Accumulation Ring, the 
electrons and positrons will be 
taken from the 2.5 GeV level pro
vided by the linac up to 8.5 GeV 
for injection into the Main Ring. 
The immediate aim is to complete 
the Main Ring and give the detec
tors their first taste of colliding 
beams, but with an eye to the fu
ture, the Accumulation Ring is 
equipped with two sizeable halls 
to house experiments to study 
electron-positron annihilations at 
13 GeV collision energy. As yet no 
call for experimental proposals 
has been made. Synchrotron ra
diation applications are also fore
seen for the Accumulation Ring. 

The Main Ring will have four 
colliding beam areas. The two 
largest of these will house the all-
Japanese TOPAZ and VENUS ex
periments (see January/February 
1983 issue, page 3), while two 
smaller halls are nearing comple
tion. One will be used initially for 
a particle search experiment 
(SHIP) by a Harvard team, while 
the other will be the home of an 
enthusiastic Japanese/US/Korea/ 
China collaboration called AMY, 
using a compact but high resolu
tion lepton detector. An article on 
AMY will feature in our next issue. 

Meanwhile the components of 
the big VENUS and TOPAZ detec
tors continue to come together. 
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The superconducting magnet of the TOPAZ 
experiment for the TRISTAN electron-posi
tron collider at the Japanese KEK Labora
tory. Inside the magnet will be a Time 
Projection Chamber. 

The Japanese approach is for the 
majority of the components for 
these detectors to be manufac
tured by industry, with of course 
constant close collaboration by 
Japanese physicists. Both industry 
and the physicists feel they bene
fit. 

A key feature in the develop
ment work for TRISTAN is the use 
of superconducting cavities for ra-
diofrequency acceleration. At KEK, 
a three-cell cavity installed in the 
Accumulation Ring has provided 
an accelerating field of 4.3 MV/m, 
which could yet rise higher. The 
original Main Ring design included 
only conventional r.f. equipment, 
but it is hoped to include five-cell 
superconducting cavities, even for 
30 GeV working. 

Although many people try hard, 
nobody can predict exactly what a 
new machine will find. But the 
TRISTAN community is optimistic 
that with an unexplored energy 
range for electron-positron colli
sions being opened up, and a lu
minosity (measure of the collision 
rate) of some 103 1 c m - 2 s~1, there 
will be plenty of good things. 

Meanwhile KEK's faithful 12 GeV 
Proton Synchrotron still has its 
hands full, with a full programme 
of experiments well underway 
again after a one-year interruption 
while the TRISTAN tunnel was 
being built. Some sterling work is 
being done on particle decays. 
One new customer is a Heidelberg 
group specializing in hypernuclei. 

With a 12 GeV proton synchro
tron already working and a 30 GeV 
electron ring nearing completion, 

The 400 metre linac which supplies elec
trons for synchrotron radiation research at 
KEK and which will also serve as the TRIS
TAN injector. 

(Photos KEK) 
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Stanford's Linear Collider 

what of electron-proton collisions? 
TRISTAN Project Director Satoshi 
Ozaki points out that with HERA 
now being built at the German 
DESY Laboratory to supply 820 
GeV protons and 30 GeV elec
trons, KEK prefers to leave this op
tion alone for the moment. 

But there is plenty of room at 
KEK for the options originally fore
seen for TRISTAN. The large 
cross-section Main Ring tunnel is 
big enough to house a proton ring 
of several hundred GeV. 

By Gordon Fraser 

Schematic of the Stanford Linear Collider, 
SLC. The upgraded electron linac of the 
Stanford Linear Accelerator Centre will pro
duce positron beams which will be brought 
back for acceleration through the linac. 
Pulses of electrons and positrons will be 
moulded to high quality in the damping 
rings, accelerated along the linac to 50 
GeV, sent through opposing arcs and col
lided. The construction and commissioning 
schedule aims for colliding beams in Feb
ruary 1987. 

The peak of the construction 
phase of the Stanford Linear Colli
der, SLC, to achieve 50 GeV elec
tron-positron collisions has now 
been passed. The work remains on 
schedule to attempt colliding 
beams, initially at comparatively 
low luminosity, early in 1987. 

The tunnels are completed 
where the magnet arcs, which will 
guide the electron and positron 
bunches from the linac into colli-

sion, will be installed; construction 
of the hall for the experiment de
tectors is well advanced. Most ef
fort during the summer months 
has been going into the refurbish
ing of the linac with new beam 
monitoring instrumentation and 
controls. Installation of all the 
more powerful (50 MW) klystrons 
may not be complete by early '87 
but a full complement is not 
needed to reach 50 GeV. One of 
these klystron tubes was recently 
run to 110 MW without failure to 
test maximum available power. 
The required operating power of 
50 MW therefore looks comforta
ble but there is not yet enough ex
perience to be able to estimate the 
average lifetime of these new klys
trons. In a SLAC/Japan collabora
tion, a tube to reach 130 MW has 
been developed. 

By May of next year it is in
tended to start commissioning the 
linac systems (electron and posi
tron bunch creation and accelera
tion). Already electron bunches of 
the desired intensity (5 x 101 0 par
ticles) and high quality have been 
achieved at the end of the first 
sector of the linac. The 'South 
Damping Ring' has stored 4 x 101 0 

particles in a single bunch but 
there are some problems with the 
magnet field quality and it has 
been decided to rebuild the South 
Ring. The North Damping Ring is 
due for completion in January of 
next year and the reconstructed 
South Ring should be ready a 
month later. 

The commissioning schedule 
aims to achieve beams of the re
quired quality at the end of the 
linac, ready to be fed to the SLC 
magnet arcs, by October 1986. The 
subsequent three months to the 
end of next year would then be 
available for the tricky man-
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