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the low-energy ring, parts of the high-
energy ring, the injection system and 
the interaction region. Under collabo
rative agreements, some of these 
magnets are being supplied by the 
Institute of High Energy Physics in 
Beijing, China, and the Budker 
Institute of Nuclear Physics in 
Novosibirsk, Russia. 

The interaction region where the 
two rings come together is the 
trickiest part of the PEP-II optics. The 
design calls for head-on collisions of 
the unequal energy beams, and as in 
any colliding-beam interaction region, 
elaborate precautions must be taken 
to guard against stray particles and 
synchrotron-radiation photons strik
ing inside the detector. 

The radiofrequency accelerating 
system - the same for both rings - is 

T he high energy physics mission 
of the TRISTAN electron-posi

tron collider at the Japanese KEK 
Laboratory ended in May. TRISTAN 
was the first accelerator in Japan at 
the high energy frontier, and its 
success owes a great deal to help 
and encouragement from the world 
high energy physics community. Its 
success also marks the first step 
toward the KEKB project now 
underway and the subsequent Linear 
Collider scheme. 

TRISTAN began operation in 
November 1986 with a collision 
energy of 50 GeV, the world's high
est electron-positron collision energy 
at that time. With the addition of 
superconducting radiofrequency 
cavities, the energy was continuously 

based on "warm" technology, with 
copper cavities. The first prototype 
cavity is under high-power test. R.f. 
power at 476 MHz will be supplied 
primarily by wide-bandwidth klystrons 
built in industry, although a klystron 
meeting the specifications has been 
produced at SLAC, and SLAC-built 
tubes may also be used. 

The vacuum chambers are based 
on several technologies. The arcs of 
the high-energy ring use copper 
extrusions; those of the low-energy 
ring use aluminium antechambers 
with copper photon stops; and the 
straight section chambers are stain
less steel. 

Both transverse and longitudinal 
beam feedback will be based on a 
novel system developed by the PEP-
II group and using fast programmable 

digital signal processing. The system 
has been very successfully tested on 
the Advanced Light Source at LBL, 
and continues in use there. 

Commissioning plans call for 
phased start-ups: Injection system 
testing will begin soon with extraction 
and transport of the electron beam. 
The high-energy ring (HER) will 
begin its commissioning in Spring 
1997. Use of the tunnel will alternate 
between HER commissioning and 
LER installing. Low-energy ring 
commissioning will begin in Spring 
1998. 

The TRISTAN electron-positron collider at 
Japan's KEK Laboratory was the first machine 
to make large-scale use of superconducting 
radiofrequency cavities. 

TRISTAN -
mission complete 

12 CERN Courier, October 1995 



T R I S T A N 

The VENUS detector under construction at 
TRISTAN, showing the central drift chamber 
and one half of the barrel electromagnetic 
calorimeter. 

increased, reaching a maximum of 
64 GeV in 1989. 

In this exploratory era, the three 
large detectors - AMYJOPAZ and 
VENUS - together with the smaller 
SHIP group made a rapid survey of 
particle phenomena in this new 
energy range. The sixth ('top') quark 
was first on the list of wanted parti
cles, but the three large groups 
concluded that there were no new 
quarks below 32 GeV. The CDF and 
DO Collaborations at Fermilab's 
Tevatron recently reported the top 
quark as being six times as heavy as 
TRISTAN'S physics reach. 

Although initial experimental results 
suggested that the event-shape 
distributions of multi-hadron events 
were broadly consistent with the 
production of the five known quarks, 
the production rate of hadrons, 
compared to muons, was seen to rise 
with energy. The increased energy 
reach of TRISTAN increased the 
visibility of the subtle virtual effects of 
the Z (the electrically neutral carrier 
of the weak force) produced through 

the interference of weak and electro
magnetic interactions. 

The rise was found to be slightly 
larger than expected from five quarks 
and a Z mass of 92 or 93 GeV, the 
accepted value at that time. This 
hinted that the Z mass had to be 
smaller, as later verified when the 
SLC and LEP electron-positron 
colliders at SLAC (Stanford) and 
CERN respectively came into opera
tion in 1989. 

Besides the top quark, "standard" 
types of new particles were system
atically searched for, including fourth-
generation, supersymmetric and 
higgs particles. In addition, TRISTAN 
data definitively settled questions 
regarding some little understood 
sightings. Among them was the so-
called "MARK-J phenomenon", an 
observation of excess multi-hadron 
production accompanied by muons in 
a direction isolated from the rest of 
the hadrons. This was reported by 
the MARK-J group at the PETRA 
electron-positron collider at DESY 
near the end of PETRA running, and 

was left for TRISTAN to investigate. 
Another case was a possible narrow 
two-photon resonance at around 58 
GeV mass, suggested by L3 at LEP 
in 1992, which was subsequently 
ruled out by all three TRISTAN 
experiments and by the other LEP 
experiments. 

After LEP and SLC took over the 
high energy frontier, TRISTAN 
experiments turned toward deeper 
and broader studies of electroweak 
and quark-gluon (quantum 
chromodynamics - QCD) processes. 
The storage ring was operated at 58 
GeV, high enough for the interfer
ence between the weak and electro
magnetic interactions to be large, for 
the machine to operate stably with 
ample margin, and where maximum 
integrated luminosity could be pro
vided to the experiments. 

In fact the interference effects, 
observed as forward-backward 
asymmetries in the production of 
lepton or quark-antiquark pairs, all 
showed a dramatic increase com
pared with the previous measure
ments at PEP (SLAC, Stanford) and 
PETRA (DESY, Hamburg), in precise 
agreement with the standard model 
predictions. The agreement of these 
new measurements with predictions 
underlined the validity of the simplest 
form of the electroweak model in the 
TRISTAN energy region. In particu
lar, the measured b-quark asymmetry 
was definite evidence for the exist
ence of the third quark doublet. 

Because of the low electroweak 
rates at 58 GeV, efforts to increase 
the luminosity continued, reaching 
about 5x10 3 1 per sq cm per s. Each 
group collected some 350 to 400 
inverse picobarns of data. 

On the technological side, 
TRISTAN was the first machine to 
make large-scale use superconduct
ing radiofrequency cavities,with 32 
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The TOPAZ detector at TRISTAN during its 
final assembly. 

angular correlations with four emerg
ing jets, good agreement was found 
only for second-order predictions with 
coloured gluons. Thus a basic 
feature of QCD theory, that the gluon 
can couple to other gluons, was 
directly verified by the TRISTAN 
experiments. 

A related contribution to QCD 
studies was a number of precise 
measurements of the quark-gluon 
coupling (alpha-s). With theoretical 
uncertainties dominant, the precision 
of the TRISTAN results is similar to 
that of the LEP results. A unique 
approach was successfully devel
oped at TRISTAN for obtaining the 
value of alpha-s using the parton 
shower scheme, and by adopting 
next-to-leading order calculations. 

TRISTAN turned out to be well 

units of five-cell cavities providing 
40% of the total accelerating voltage. 

Initial difficulties characterized by 
cavity trips were gradually corrected 
in three ways: by moving the masks 
protecting the cavities against syn
chrotron radiation, by realigning 
quadrupole magnets near the cavi
ties, and by degassing the cavity 
walls. The installation of supercon
ducting quadrupole magnets for mini-
beta insertions, completed in January 
1991, doubled the luminosity. The 
SAD computer program (Strategic 
Accelerator Design), developed at 
KEK, played a decisive role in this 
work. 

Despite the massive flow of new 
results from the LEP experiments at 
CERN, the TRISTAN experiments 
diligently continued in their mission to 
test the electroweak and quark-gluon 
pictures in as many ways as possible 
- efforts that still continue. One 
important early result was the first 
clear evidence that the three-jet 

fraction in multi-hadron events 
decreases with energy, suggesting a 
decreasing effective quark-gluon 
coupling. 

When attention then turned to 

The AMY detector in position at TRISTAN. The 
focussing quadrupole in front of the detector 
was subsequently replaced by a supercon
ducting mini-beta system to squeeze the 
colliding electron and positron beams. 
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Around the 
Laboratories 

matched to the QCD aspects of two -
photon processes. Compared with 
PEP and PETRA (lower energy), the 
production rate is higher and 
hadronic jets are easier to identify. 
The larger production rate at LEP 
includes a huge background from the 
Z production. Recognizing these 
advantages, the three groups have 
concentrated a significant fraction of 
their recent data analysis on two-
photon processes. These efforts led 
to the first verification and a deeper 
understanding of the so-called 
"resolved-photon " processes, results 
subsequently confirmed by experi
ments at the HERA electron-proton 
collider at DESY, and LEP. 

These hard scattering processes 
between quarks and gluons within 
the photons increase hadron produc
tion in two-photon collisions. Such 
processes provide a novel probe of 
the gluon content in the photon, a 
part of the photon's hadronic makeup 
that can not be accessed by the 
usual measurements based on deep 
inelastic electron-photon scattering. 

Since QCD calculations become 
more reliable with heavier quarks, the 
experiments fully exploited their 
detectors' capabilities for tagging the 
charm quark. The measured reaction 
rates are in reasonable agreement 
with QCD calculations when higher 
order processes are included and 
when proper gluon density distribu
tions are chosen. The need for 
including higher order effects was 
also demonstrated by studying 
inclusive production of lambda 
hyperons, expected to be favourably 
produced in gluon jets. 

The TRISTAN project has provided 
immeasurable benefits to Japanese 
high energy physics research. The 
KEKB (B Factory) project is now set 
to continue this tradition. Valuable 
experience gained at TRISTAN is 

being fully exploited in the construc
tion of both the asymmetric electron-
positron collider and the BELLE 
detector, a combination best suited 
for B-meson physics. Meanwhile 
accelerator research and develop
ment continues to make impressive 
progress en route to Japan's Linear 
Collider project. 

Unpacking a Russian-built cryostat for the 
NA48 experiment at CERN. 
(Photo CERN EX16.7.95) 

CERN 
From Russia with 
krypton 

A recent arrival at CERN is a 
cryostat built under the auspices 

of thelnternational Science and 
Technology Center (ISTC), a pro
gramme funded by the European 
Union, Japan, Russia, and the US 
which aims to promote the integration 
of former Soviet Union scientists and 
industry into global research and 
development activities. 

The new cryostat, built by Moscow-
based Krunichev Enterprises, better 
known for its involvement in the 
"Proton" space rocket and the "Mir" 
space station, will form a vital part of 
the NA48 experiment at the SPS 
synchrotron. 

NA48, a Cagliari/Cambridge/CERN/ 
Dubna/Edinburgh/Ferrara/Mainz/ 
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