
RADIOFREQUENCY 
SUPER
CONDUCTIVITY 
At Cornell 

Superconducting niobium accelera
tor structures are now operating in 
electron storage rings at 5 -
10 M e V / m accelerating gradients 
(November 1988, page 39). How
ever wi th the theoretical capability 
of niobium as high as 50 M e V / m , 
set by the critical magnetic field for 
superconducting breakdown, there 
is much room for improvement. 

Research on radiofrequency su
perconductivity continues at Cor

nell to understand the limitations, 
and to push niobium cavity perfor
mance higher. Successes will open 
the door to new accelerators for B-
factories and for big superconduct
ing linear colliders, as well as 
boosting projects currently in the 
pipeline (such as CEBAF). 

One major obstacle to higher 
gradients is heavy field emission 
f rom spots on the niobium surface 
when surface electric fields exceed 
20 M V / m , corresponding to 
10 M e V / m accelerating field. Ensu
ing electron currents heat up the 
cavity wall. 

Improved surface treatments 
have been developed, including 
heating in an ultra-high vacuum fur
nace between 1200 and 1350 C. 
Over a dozen tests on several 

single-cell 1.5 GHz cavities aver
aged 40 M V / m , double the figure 
for similar test cavities prepared by 
conventional techniques. The best 
result was 53 M V / m . Heat treat
ment reduced both the number and 
strength of emission sites. 

Wi th the highest-ever surface 
field in a niobiflm cavity being 
70 M V / m , physicists were eager 
to know whether surface electric 
fields of 100 M V / m , approaching 
the theoretical magnetic field limit, 
could be tolerated. 

To explore this, a non-accelerat
ing cavity has been developed with 
a very high electric field in a small 
area (0.5 sq cm), and low fields 
elsewhere. This cavity attained 
145 M V / m , encouraging further ef
forts to push higher. 

Japan Accelerator Conference 
At the international level, the high 
energy accelerator scene evolves 
rapidly and the International Con
ference on High Energy Accelera
tors is where its strong pulse can 
best be felt. 

This year, the Conference was 
held for the first t ime in Japan, 
wi th the 14th meeting in the series 
having been hosted in August by 
the Japanese KEK National Labora
tory for High Energy Physics, Tsu-
kuba. The venue was a recognition 
of the premier accelerator physics 
and technology status achieved by 
this diligent nation. 

The KEK Laboratory entered the 
field comparatively late wi th the 
construction of the 12 GeV proton 
synchrotron starting in 1 9 7 1 . 
KEK's booster synchrotron for the 
12 GeV machine feeds also a 

pulsed spallation neutron source, a 
meson Laboratory, and a medical 
science centre. Pride of place is 
taken by the 30 GeV per beam 
TRISTAN electron-positron collider 
which became operational three 
years ago as the then wor ld 's high
est energy machine of its type. Its 
electron-positron source, a 2.5 
GeV linac, also feeds the 'Photon 
Factory', a synchrotron radiation 
centre used by over 1500 scien
tists. 

Future plans include the Japa
nese Hadron Project (July/August 
1987, page 5), to include a 1 GeV 
proton linac, a compressor/stretch
er ring and a heavy-ion linac, to
gether supplying a wide range of 
beams (muons, pions, spallation 
neutrons and exotic nuclei). Replac
ing the present 500 MeV booster 

by the 1 GeV proton linac will im
prove substantially beam intensity 
and quality f rom the 12 GeV pro
ton synchrotron. 

KEK is famed for the excellence 
of its engineering, and in some 
sectors spearheads world accelera
tor technology. It is the wor ld 's lar
gest-scale user of superconducting 
radiofrequency cavities, in the 
TRISTAN beam acceleration sys
tem, and is presently a front run
ner, in terms of a developed design 
and related research, among the 
Laboratories working on the new 
generation of electron-positron li
near colliders. 

To these accomplishments was 
added an impressive demonstration 
of organizing a big multinational 
meeting, all in an atmosphere of 
courteous yet warm hospitality. 
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The International Conference on High Energy 
Accelerators this year was held in Japan for 
the first time. Hosted by the KEK Laborato
ry, not yet twenty years old, the meeting re
flected the great advances made by Japa
nese accelerator physics and technology. 

Electron and positron machines 

News of the commissioning of 
CERN's new LEP electron-positron 
collider came in the opening talk by 
Gunther Plass. This was a poignant 
moment for the Japanese hosts 
pecause it signalled that the TRIS

TAN machine was no longer the 
wor ld 's highest energy electron-po
sitron storage ring (Stanford's SLC 
collider also goes to higher ener
gies but is not a conventional stor
age ring). In an opening address, 
former KEK director Tetsui Nishika-
wa paid tribute to CERN's impres
sive performance in building and 
commissioning such a large and 
complicated machine so quickly. 

The initial major problem in LEP 
was a strong horizontal-vertical 
coupling, and initial efforts concen
trated on changing the horizontal 
tune of the machine to minimize 
the effect (see page 1). 

While LEP's immediate aim is to 
move towards its designed operat
ing parameters, longer term goals 
include using the 'pretzel' scheme 

developed at Cornell to boost the 
collision rate. The progressive in
troduction of superconducting ac
celerating cavities will push the en
ergy eventually above 90 GeV per 
beam. (The development at CERN 
of superconducting cavities using a 
micron layer of niobium sputtered 
onto copper, rather than the con
ventional solid niobium, is looking 
promising in this respect, although 
long-term performance needs to be 
examined.) Polarization (spin align
ment) of LEP's particles will extend 
the physics possibilities. 

Stanford's SLC linear collider had 
just pipped LEP to the Z post. Burt 
Richter iterated initial results f rom 
the Mark II experiment on the width 
of the Z peak (September, page 12 
and October, page 1). 

Although SLC now has to com
pete wi th LEP, it has been very 
successful in achieving its initially 
declared aims of mastering import
ant new accelerator physics prob
lems, blazing a trail for energies 
beyond LEP. The Stanford Linear 
Accelerator Centre (SLAC) has 
pushed the performance of low 

Gunther Plass - progress report on the com
missioning of CERN's new LEP electron-po
sitron collider. 

emittance sources (which no longer 
seem to be a problem), has largely 
cured the problem of wakefield ef
fects (using a combination of good 
beam steering and the BNS damp
ing scheme, developed at the So
viet Novosibirsk Laboratory by V. 
Balakin, A. Novokhatsky and V. 
Smirnov - December 1988, page 
13), has developed final focus 
schemes, and has demonstrated 
that micron-size beams can be han
dled. 

There are immediate plans to im
prove SLC's collision rate by doub
ling the machine's repetition rate to 
120 Hz and by upgrading the posi
tron production target. Soon Mark 
II will make way for the big SLD 
detector and polarized beams will 
be available, opening the door to 
new physics studies. Longer term, 
the SLC rep rate will be taken to 
180 Hz, and the damping rings and 
the final focus redesigned. 

Building on SLC experience, li
near collider studies are continuing 
at SLAC, and in collaboration wi th 
the Soviet Novosibirsk Laboratory 
and KEK. Ongoing work covers 
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The TRISTAN electron-positron ring at the 
KEK Laboratory is the world's largest single 
application of superconducting radiofrequen-
cy accelerating cavities. 

several types of power source, 
where the Laboratory has convinc
ing expertise - the klystrons devel
oped for SLC exceeded their design 
aims in both peak power and life
t ime. One example is the induction 
linac (in collaboration wi th Berkeley 
and Livermore) which has yielded 
170 M W peak power. Others are 
nulse-compressed conventional 

,ystrons, cluster klystrons for a 1 
GW, 12 GHz source (with Brook-
haven) and crossed-field amplifiers 
(with industry). 

The TRISTAN machine at KEK 
was covered by K. Takata. Follow
ing the introduction last year of six
teen superconducting radiofrequen-
cy cavities (December 1988, page 
13), the energy of the electron and 
positron beams has been taken to 
30.7 GeV and the luminosity has 
attained 1.4 x 1 0 3 1 . The cavities 
have now been in operation for 
some 5000 hours (3100 for phy
sics) developing 100 M W . Field 
gradients vary f rom 3.5 to 6 M V / m 
wi th an average of 4 .4 . No serious 
deterioration in performance has 

een seen. 
A further sixteen cavities will 

take the peak energy per beam to 
32.5 GeV. Mini-beta insertions to 
squeeze the beams should more 
than double the collision rate next 
year. 

S. Takeda described KEK's ad
vanced plans for electron-positron 
linear colliders. Several steps are 
foreseen en route to a Japan Linear 
Collider, JLC, and a 70-strong team 
is working (part-time) on the pro
ject. 

A Test Accelerator Facility is al
ready under construction and will 
eventually house all key elements 
of the machine in prototype form -
1.5 GeV S-band injection linac, 
damping ring, 1 GeV X-band linac, 
and final focus. The first stage of 
real machine construction could get 

underway around 1995, to achieve 
200 GeV colliding beams by the 
turn of the century - the Japan In
termediate energy Linear Collider 
(JILC). An energy increase to 300 
GeV would fol low an upgrade of 
the power sources, fol lowed by a 
further increase to 500 GeV wi th a 
luminosity target of 1 0 3 3 . 

The other contenders in the li
near collider stakes are VLEPP at 
Novosibirsk and CLIC at CERN, re
viewed by A.N. Skrinsky and Si
mon van der Meer respectively. 
The former aims for 1 TeV (1000 
GeV) per beam eventually, starting 
at half that figure, and is authorized 
for construction by a branch of the 
Novosibirsk Institute at the Serpuk
hov site near Moscow, where the 
UNK proton ring is taking shape. 

CERN's CLIC aims for 1 TeV 
beams and lower energies have not 
been looked at, even though they 
would ease problems. 'We have 
plenty of time to think,' com
mented van der Meer. Wolfgang 

Schnell's two-beam scheme for 
CLIC, using a high current super
conducting drive linac operating at 
350 MHz (the LEP superconducting 
cavity frequency), has been pushed 
a little further. It has the advantage 
of automatic phasing between the 
t w o linacs under highly relativistic 
conditions. A 2.5 km drive linac 
wi th an accelerating field of 6 
M V / m and 4 x 1 0 1 1 particles in 
millimetre bunches (a non-trivial 
problem) transforms to 80 M V / m 
on 5 x 1 0 9 particles per bunch in 
the main linac, achieving a luminos
ity of over 1 0 3 3 . Detailed design 
remains in a 'primitive' stage. 

Significantly, all the present li
near collider schemes use conven
tional technologies, albeit pushed 
beyond conventional limits. Devel
opment of exotic ideas, such as 
plasma beat-waves and wakefields, 
which stirred up excitement a few 
years ago, has not yet matured. 

Some of this ongoing work was 
reviewed by Tom Katsouleas. In 
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The Test Accelerator Facility at KEK. This 
will eventually house prototype elements for 
the proposed Japan Linear Collider (JLC). 

the past year, homogeneous plas
mas and field gradients equivalent 
to 300 M V / m over half a centi
metre have been achieved in beat-
wave mode at the UK Rutherford 
Appleton Laboratory. New technol
ogy for short pulse lasers has 
emerged at Livermore and Osaka, 
opening up prospects of 20 to 80 
M V / m gradients. 

Jim Simpson reported the Ar-
gonne project (June 1988, page 
16) for a 1 GeV device using wake-
field acceleration in a dielectric 
waveguide (sometimes called a 
Cherenkov wave tube). Such de
vices have no transverse forces to 
disrupt the beam, removing the al
ignment problems which dog struc
tural and plasma wakefield sys
tems, and look like one of the most 
interesting avenues to explore. 

It was gratifying to see a resur
gence of activity at the Yerevan In
stitute. A. Amatuni reported on in
vestigations of new acceleration 
techniques. 

A few rungs lower on the elec
tron beam energy ladder, initial 
operation of the Beijing BEPC elec
tron-positron collider was reported 
by the Institute's Director Fang 
Shouxian. An initial sample of J /psi 
particles heralds the start of the 
physics programme. 

The hadron route 

Studying the high energy behav
iour of the quark constituents of 
protons is the goal of the 87-kilo
metre US Superconducting Super
collider (SSC) ring, to be con
structed in Texas, and CERN's 
plans for the LHC Large Hadron 
Collider in the LEP tunnel. 

Helen Edwards gave the latest 
SSC news, where work is concen
trating on a 'site-specific' design 
now that the new Laboratory has 

found its definitive home in Ellis 
County, Texas. Design aspects un
der investigation include a possible 
increase of the magnet aperture 
f rom 4 centimetres to a more con
servative 5 (requiring more super
conductor and thus having an im
pact on cost), a reduction in half-
cell length to 90 cm, increased en
ergy (2000 GeV) for the booster 
feeding the main proton rings (eas
ing problems related to persistent 
currents in the superconducting 
magnets), and a diamond-shape 
bypass configuration at the interac
tion regions (avoiding a 'garage' 
solution for multi-detector installa
tion). Some of these design op
tions could be cross-cancelling, for 
example increasing the injection en
ergy to 2 TeV may resolve the 
magnet aperture worries. There is 
not yet any push to modify the de
sign and aim for higher collision 
rates. 

Development and testing of su
perconducting magnets - the lion's 
share of the project - will be 
boosted by a new magnet facility 

in Texas, supplementing the pro
gramme now underway at Berkel
ey, Brookhaven and Fermilab. At 
taining the 6.6 tesla design field is 
no problem, but field quality, repro
ducibility and minimizing construc
tion costs need more work. Indus
trial production will start soon, in 
line with a plan for a thousand pre-
production magnets by the end of 
1992. Full production would then 
be launched in 1994 so that the 
SSC can produce its first 20 TeV 
proton beam collisions in 1998. 

Initial construction funding has 
been approved by both US Houses, 
and at the time of the Conference 
the wording of the two authoriza
tions still needed slight reconcilia
t ion. For example the Senate 
wanted to add a further $25 million 
in the next fiscal year 'to initiate 
the first tunnel sector contract'. 

There were also slight divergen
cies on the technological outcome 
of the mammoth project. While 
Congress was concerned about 
'the absence of substantial com
mitments f rom foreign countries', 
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K. Takata covered KEK's TRISTAN electron-
positron collider. Until the arrival of LEP at 
CERN, TRISTAN was the world's highest en
ergy electron storage ring. 

the Senate stressed that the SSC 
should go ahead regardless, and 
was more worried about the trans
fer of US-developed high technolo
gy. The Senate authorization in
cluded a provision that SSC money 
should not be used to establish 
collaborations wi th foreign coun
tries without prior assurance that it 
would be in the best interests of 
the USA. 

These concerns need to be mol
lified in the coming months if the 
outstanding tradition of inter
national collaboration, long a hall
mark of accelerator physics and 
technology to the mutual benefit of 
all parties involved, will prevail for 
the SSC. 

Giorgio Brianti described plans 
for CERN's LHC Large Hadron Col
lider, aiming for around 8 TeV pro

ton beams in a ring of 10 T ' two -
in-one' superconducting magnets 
installed above LEP in CERN's 27-
kilometre tunnel. The design 
reaches for a high luminosity, 
above 1 0 3 4 , to challenge the higher 
energies of SSC. Progress on the 
necessary high field magnets is 
promising (September, page 5), 
and was highlighted in a review of 
the technology by Romeo Perin. 
European industry has been in
volved in this venture f rom the out
set. 

Compatibility between normal 
LEP operation and LHC installation 
has been checked. Studies of de
tector configurations - one to han
dle high collision rates, one gener
al-purpose and one for electron-
proton (LEP-LHC) collisions - have 
started. LHC could be completed 
within six years and Brianti hoped 
' to report at the next International 
Accelerator Conference (scheduled 
for Hamburg in July 1992), that 
construction has started'. 

Confidence in these future super
conducting colliders stems from 
the success of the Fermilab Teva-
tron. Gerry Dugan reported its re
cent successful run (September, 
page 13), where collision luminosi
ty reached twice the design goal of 
1 0 3 0 , and with plans for new low 
beta insertions to further squeeze 
the beams, electrostatic beam sep
arators and a linac upgrade to 400 
MeV, could go to 5 x 1 0 3 0 . Longer 
term plans include replacing the 
present large ring of conventional 
magnets by a superconducting ver
sion. 

The next step up in proton ener
gies will come from the UNK ma
chine being built at Serpukhov. V. 
Yarba described the construction 
schedule, with completion of the 
400 GeV conventional injector ring 
foreseen for 1992, fol lowed t w o 
years later by a 3 TeV supercon

ducting magnet ring. 
There are also discussions about 

a timely transfer to Serpukhov of 
CERN's antiproton source, which 
first came on-line in 1980, for pro-
ton-antiproton collisions at 3 TeV 
per beam. Prototype UNK super
conducting magnets are continuing 
to perform well (December 1988, 
page 2), and a hundred magnets 
are to be built next year prior to full 
production getting underway in 
1991 . Next year should also see 
completion of the 21 kilometre 
UNK tunnel. 

The Laboratory that moved 
large-scale production of supercon
ducting magnets out into industry 
was DESY in Hamburg, where 
manufacture of magnets for the 
820 GeV HERA proton ring is an 
international affair. The 30 GeV el
ectron ring gave its first beam last 
year (see page 4). M. Leenen re
ported on construction progress, 
where a first proton ring octant 
cooldown is scheduled by the end 
of the year, wi th cooldown of the 
full ring less than one year away. 
Potential problems of persistent 
currents in the superconductor 
have been well enough studied and 
people are confident that correc
tion coils will make the necessary 
compensations. 

Factory workers 

Complementing the high energy 
frontier now is the high intensity 
frontier, aiming to re-examine wi th 
greater precision areas of physics 
already scanned. In particular, 
charge-parity (CP) violating decays 
are just as much a mystery now as 
when they were discovered twen
ty-five years ago. 

The candidate machines to ex
plore this high intensity horizon are 
called particle 'factories', wi th kaon 
and B meson (containing the fifth 
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Helen Edwards (here flanked by Satoshi Oza-
ki, right, and 'Pief Panofsky, left) reported 
latest developments around the US Super
conducting Supercollider (SSC), now with 
funding approved. 

'beauty' quark) versions lining up 
to investigate CP violation. 

Kaon factories are hadron ma
chines wi th intensities a hundred 
times more than current synchro
trons, while B factories are elec
tron-positron colliders spanning the 
10 GeV mass region to produce B 
mesons. 

Mike Craddock was able to tune 
nis habitual kaon factory act to 
take account of recent develop
ments around the five-ring KAON 
project at the Canadian TRIUMF 
Laboratory (October, page 9), and 
a five million rouble cash injection 
for the Moscow project, which 
could get underway in 1993. Other 
projects at Los Alamos, in Japan 
and in Europe are still alive but not 
kicking vigorously (though the Eu
ropean scheme has been offered a 
home at Legarno near Padua). 

The design of B factories was 
perhaps the only topic in the whole 
Conference to stir a ripple of con
tention. The need is for luminosi
ties of 1 0 3 3 or more to produce B 
mesons in sufficient quantities for 
"nteresting physics to show up. Ha
dron colliders are disfavoured as 
the detector technology to sift out 
the interesting rare decays is not 
yet in place. For the electron-posi
tron opt ion, the big question is the 
choice of storage ring or linear col
lider route. The former is most fa
voured, as linear collider technolo
gy is not yet as well mastered. 

Contention number t w o is 
whether to use equal energy (sym
metric) or different energy (asym
metric) operation. As suggested by 
P. Oddone at Berkeley, colliding un
equal energy beams gives a mov
ing centre-of-mass, facilitating the 
separation of the B decays. It also 
pays dividends in machine terms, 
wi th magnetic separation of the 
beams possible. However there is 
as yet little experience of beam be-

' \ , > 

haviour under these asymmetric 
conditions and no guarantee of 
high luminosity can be given. 

Ongoing B factory proposals in
clude Cornell's 'CESR Plus' scheme 
(October, page 14), Novosibirsk 
(with a VEPP-5 14 GeV scheme or 
a 7 on 4 GeV option), and PSI in 
Switzerland (symmetric and asym
metric options - July/August , page 
27) among the storage ring conten
ders. Workshops (October, page 
25) help clarify the picture, wi th a 
major meeting planned for Berkeley 
in February. 

Applications 

In contrast to the ' local' Euro
pean and US Accelerator Confer
ences, where the increase of accel
erator technology applications is 
stressed, the International Confer
ence clung close to its high energy 
theme. However even here the in
tense electromagnetic beams pro
vided by synchrotron radiation 
sources and free electron lasers 
were well aired in talks by Claudio 
Pellegrini, K. Huke and Alan Jack
son. 

FELs potentially have much high
er peak power than other radiation 
sources and their basic physics is 
now well understood. Many are 

now in operation. Some are linked 
to linacs, like the Berkeley/Liver-
more work initiated by Andy Sess-
ler (achieving 1 GW at 30 GHz, 9 
mm wavelength with 4 5 % efficien
cy), and the Stanford (University) 
and Los Alamos schemes. Others 
use storage rings (Orsay, Novosi
birsk). New developments include a 
gas-loaded FEL at Stanford (to re
duce the beam energy needed to 
produce a given wavelength radi
ation). 

It is in the field of synchrotron 
radiation sources where accelerator 
physics and technology has contri
buted most, leading to a host of 
practical applications. Such sources 
can also do much useful work even 
when built on a scale modest by 
high energy accelerator standards, 
enabling developing countries (Chi
na, Korea, Taiwan, India, Latin 
America, ....) to enter the field. 

The new generation of synchro
tron radiation sources use wigglers 
and undulators in straight sections 
to produce more intense beams 
(earlier schemes exploited the radi
ation released when the electron 
beams were bent). New projects 
include the Advanced Light Source 
(ALS) at Berkeley and the European 
Synchrotron Radiation Facility 
(ESRF) at Grenoble. Given design 
and construction 'wi th care', the 
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Madrid Physics Conference 

problems of creating and maintain
ing the necessary low emittance 
beams now seem to be mastered. 

Conclusion 

The meeting concluded wi th a re
view of the work of the Inter
national Committee for Future Ac
celerators (ICFA) by its chairman, 
Yoshio Yamaguchi, and by succinct 
reviews by former KEK Director 
Tetsui Nishikawa and former SLAC 
Director 'Pief Panofsky. 

Nishikawa estimated that simply 
to sustain all operating and pro
posed accelerator projects requires 
about ten times more accelerator 
physicists than are currently avail
able! 

Panofsky saw the approach of a 
new watershed in the exponential 
growth of particle collision energies 
over the past fifty years. The next 
generation of machines, such as 
the SSC and the new linear collid
ers, have 'exhausted the capacity 
of our present knowledge' , and he 
called for an increased proportion 
of resources to investigate new 
ideas to keep the exponential 
growth on its traditional steady up
ward track. 

The Madrid 'Europhysics' conference on 
high energy physics in September gave a 
foretaste of things to come at LEP, with 
multihadron production in Z decays, as seen 
by the Opal detector. The histograms are si
mulations of quark 'fragmentation' into ha
dron s. 

Hard on the heels of the Lepton-
Photon Symposium at Stanford in 
August (October issue, page 1) 
came the International Europhysics 
Conference on High Energy Physics 
in Madrid from 6-13 September. 
Wi th the two meetings held so 
close together, there was much 
overlap in the physics reported, al
though some teams were able to 
use the extra month to present 
new results. A notable example 
was the Mark II team working at 
Stanford's SLC linear collider, who 
presented new limits on the num
ber of allowed neutrinos (see 
page 1). 

The Madrid meeting attracted 
about 600 participants f rom all 
over the wor ld. An initial three 
days of parallel sessions fol lowed 
by four days of plenary talks could 
cover the field in depth and in 
breadth. 

The Local Organizing Committee 

included physicists from the t w o 
Madrid Universities, Autonoma and 
Complutense, as well as f rom the 
Spanish Research Council (CSIC). 
The Conference opened wi th short 
addresses by C. Lopez, Rector of 
the Universidad Autonoma de Ma
drid and Chairman of the Local Or
ganizing Sommittee, and P. Pas-
cual, scientific advisor to the Minis
ter of Education in Spain, who both 
expressed their satisfaction on see
ing this major meeting organized in 
Spain so soon after the country 
has rejoined CERN as a Member 
State and at a scientifically historic 
t ime, wi th CERN's new LEP collider 
coming into operation. 

Thus the parallel sessions began 
wi th a special two-hour survey of 
three of the four LEP experiments 
and their results from the LEP pilot 
run. J . May (Aleph), U. Amaldi 
(Delphi) and A. Michelini (Opal) sur
veyed the status of the experi-
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