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Membership of the EPS is def ined in 
Ar t ic le 4 of the Convent ion: 

T h e fo l lowing indiv idual , legal persons 
or bodies may become Ordinary Members 
of the Society: 

a) individuals who have shown by their 
contr ibut ion to European sc ience, by 
their professional act ivi ty or otherwise, 
to the Counci l 's sat isfact ion, that they 
can further the cause and object of the 
Society; 

b) societ ies, groups or laborator ies or­
ganized or exist ing under the laws of 
the State of their incorporat ion or of 
their seat and wh ich , in the Counci l 's 
op in ion, make a s igni f icant contr ibut ion 
to European sc ience; 

c) individuals who are members of a 
society or group wh ich has been 
accepted as an Ordinary Member of 
EPS and who fulf i l the condi t ions laid 
down in the foregoing paragraph pro­
v ided such individual membership in 
EPS is not prec luded by the Const i ­
tut ion or by-laws of their society or 
group. 

Membership fees are f ixed in three cate­
gor ies — Individual members (72 Swiss 
Francs/year) ; Membership through a Na­
t ional Society which has jo ined the EPS 
(the National Society pays a fee varying 
accord ing to the number of its members) ; 
Members of a National Society who wish 
to enrol l also as individual members (18 
Swiss Francs/year). 

The first issue of the Bul let in of the 
Society, to be cal led 'Europhysics News', 
wi l l be devoted to the format ion of the 
EPS. It wi l l appear on the 15 November. 

Enrolling in the European Physical Society — 

1. Professor G. Bernardini (Director of the 
Scuola Normale Superiore, Pisa) 

2. Professor L. A. Artsimovich (Academy of 
Sciences, USSR) 

3. Dr. L. Cohen (Secretary of the Institute of 
Physics and the Physical Society, UK) 

4. Professor B. Gregory (Director General, CERN) 

Superconducting 
accelerator programme 
at Stanford 
The High Energy Physics Laboratory 
(HEPL) at Stanford University, USA, has 
for some years been the scene of an inten­
sive at tack on the chal lenging problem of 
a superconduct ing accelerator (SCA). The 
work, under the leadership of Professors 
W. M. Fairbank and H. A. Schwet tman, has 
advanced to the stage where a large SCA 
wi l l be put together dur ing the next few 
years wi th every hope of successful 
operat ion. 

The feasibi l i ty of construct ing a super­
conduct ing l inear accelerator was examin­
ed at several centres (CERN, Rutherford 
Laboratory, and Stanford University) in the 
early 1960s. It became obvious at that t ime 
that a severe research programme to 
achieve major technica l advances wou ld 
be needed to overcome the problems invol­
ved and only Stanford dec ided to con­
front the work. 

In order to explain why the chal lenge 
was wor th tak ing up, we should consider 
the propert ies of the exist ing l inear acce l ­
erator, wh ich have perhaps reached their 
opt imum so far in the 20 GeV electron 
machine at the Stanford Linear Acce lera­
tor Centre. (Note : SLAC is a National 
Laboratory, d is t inct f rom HEPL which is a 
University Laboratory). 

The 20 GeV accelerator is built up of 
100 000 microwave cavit ies stretching over 
a length of 3000 m. Radio-frequency power 
is pumped into these cavit ies to establ ish 
the e lectr ic f ie lds wh ich accelerate the 
electrons. The bulk of the power is absor­
bed in compensat ing for the r.f. losses in 
the copper wal ls of the cavit ies. Several 
thousand megawatts of r.f. power are 
required f rom an expensive klyston and 
modulator system. 

Because of the demand for power, the 
duty cycle of the accelerator has to be 
kept down to 1 in 1000 (in other words, the 
accelerator is swi tched on for only a thou­
sandth of the t ime). For many exper iments 
this is a ser ious drawback. A related pro­
b lem, wh ich also affects the exper iments, 
is that it is d i f f icul t to hold the acce lera­
t ing f ields (and thus the final beam energy) 



L. Suelzle (kneeling) and E. Jones (from CERN) 
inspecting the injector for the superconducting 
electron linac being constructed in the High 
Energy Physics Laboratory at Stanford University. 
(Photo Stanford University). 

steady when pulsing the machine, coupled 
wi th temperature rises in the cavity wal ls 
where the power is lost wh ich can change 
physical d imensions and thus the acce­
lerator 's character is t ics. 

The superconduct ing accelerator cou ld 
get round these l imitat ions. If it were pos­
sible to bui ld the cavit ies f rom a supercon­
ductor, and to sit the accelerator ef f ic ien­
t ly in a very low temperature environment 
where superconduct iv i ty becomes ef fect ive: 

— There wou ld be a great reduct ion in the 
power lost in the cavity wal ls g iv ing a dra­
mat ic saving in r.f. power 

— The accelerator could then be operated 
cont inuously instead of having a very low 
duty cyc le (the cont inuously maintained 
f ie ld wou ld also lead to more stable out­
put energy) 

— Since the r.f. power system wou ld no 
longer be under strain, more power cou ld 
be used to increase the accelerat ing vo l ­
tage to the breakdown point, thus reducing 
the physical length of the accelerator (per­
haps a factor of two or three down on 
convent ional l inacs of the same energy) 
— And, a surpr ise bonus, if superf lu id 

hel ium were used as the refr igerat ing me­
dium it wou ld be possible to maintain 
extremely stable temperature condi t ions 
wh ich would contr ibute to except ional ly 
stable output energy. 

To achieve these fascinat ing possib i l i ­
t ies, HEPL mounted a long-range research 
programme to develop : 
1. A new superconduct ing technology to 
produce high power superconduct ing mi ­
crowave cavit ies where the power loss is 
a factor of mi l l ion lower than in conven­
t ional cavit ies. 
2. A new superf lu id hel ium technology to 
handle power dissipat ion at low tempera­
tures whi le maintaining near isothermal 
condi t ions over distances of hundreds of 
metres. 

Development of cavities 

The reason for the requirement of a factor 
of a mi l l ion compared wi th the conven­
t ional cavit ies is twofo ld . First, if the-power 
dissipat ion in the wal ls can be reduced 
by a factor of a thousand then, for the 
same power input, the same accelerat ing 

vol tage can be maintained cont inuously. 
Second, on extra factor of a thousand is 
needed to compensate for the ineff ic ien­
cies of a refr igerator work ing at tempera­
tures near absolute zero. In theory, super­
conduct ing cavit ies, made for example of 
lead or n iob ium, wou ld produce such an 
improvement. 

A more usual way of expressing what is 
required is to sav_ that one needs to 
achieve microwave cavit ies wi th Qs excee­
ding 10 1 0 , compared wi th the convent ional 
Qs of 10 4 . Q stands for 'qual i ty factor ' and 
represents the power ut i l izat ion of the 
cavity ; the higher the Q the less is the 
power needed to establ ish a required vo l ­
tage. 

If the power were fed into the cavity at 
zero f requency, the resistance of the super­
conductor wou ld be zero below the t ransi­
t ion temperature (when the metal becomes 
superconduct ing) . However at high f re­
quency, such as is involved in the pr inc ip le 
of operat ion of a l inear accelerator, the 
resistance vanishes only at absolute zero 
(and then only if some sources of residual 
resistance are el iminated). Prior to the 
Stanford work, the maximum values of Q 
wh ich cou ld be achieved in a supercon­
duct ing cavity were around 10 7 ( indepen­
dent of temperature) and HEPL had there­
fore the task of improving on this perfor­
mance by a factor of a thousand. 

One source of residual resistance is that 
magnet ic f lux is t rapped in the wal ls of 
the cavity when they become superconduc­
t ing. When the cavit ies are coo led down 
in the earth's magnet ic f ie ld, f lux is t rap­
ped in the wal ls produc ing normal conduc­
t ing regions. In a series of exper iments 
carr ied out at HEPL, it was found that Q 
could be pushed progressively higher as 
the ambient f ie ld dur ing cool -down was 
made lower. This increase cont inued 
down to a f ie ld level of 0.03 gauss. 

Another source of residual resistance is 
that large thermal gradients can appear as 
the metal goes superconduct ing giv ing 
large thermoelect r ic currents, again resul­
t ing in t rapped f lux. Keeping these thermal 
gradients as low as possible resulted in 
further increases in Q. 

By now HEPL has shown that, wi th these 
precaut ions, it is possible to take the value 
of Q above 10 1 0 . (Similar values have s ince 
been obta ined at Brookhaven and Karls-
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Some photographs from the National Accelerator 
Laboratory where the USA 200 GeV accelerator 
is being constructed : 

1. All the Laboratory staff have now moved on to 
'The Campus' and this flag-raising ceremony 
took place on 24 September. 

2. As reported in the last issue of CERN 
COURIER, the Laboratory has experimented 
with inflatable buildings. The one shown is for 
the 'Modeling and Measurements Group'. 

3. An aerial view of the village of Weston which 
temporarily houses the Laboratory staff. 

ruhe using lead cavities.) The first require­
ment for a superconduct ing accelerator 
has thus been achieved. 

Pure niobium looks the best mater ial for 
the construct ion of the cavi t ies because 
of its excel lent high vol tage propert ies. 
With niobium it should be possible to 
achieve very high accelerat ing f ie lds lea­
d ing to a compact accelerator (energy 
gradients of the order 20 MeV/m). Several 
techniques for manufactur ing cavi t ies of 
pure n iobium, wh ich at f i rst s ight cou ld be 
an extremely expensive business, are being 
invest igated. Electrodeposi t ion on a copper 
mandrel looks part icular ly interest ing both 
economica l ly and as a method of accurate 
const ruct ion. 

Helium refrigeration 

Superf lu id hel ium has remarkably good 
heat-transfer propert ies and is an excel lent 
heat reservoir, having high speci f ic heat. 
It can therefore rapidly spread any heat 
generated in the cavit ies throughout a lar­
ge thermal reservoir and thus play an 
essential part in the operat ion of a super­
conduct ing accelerator by prov id ing a sta­
ble thermal environment. 

The Stanford team had, however, to 
apply itself to the problem of real iz ing 
these propert ies in a pract ica l system. A 
superf lu id refr igerator had never been built, 
nor had a large-scale cryogenic system 
such as wou ld be needed for a supercon­
duct ing accelerator. 

The f i rm Arthur D. Litt le Inc. modi f ied 
an exist ing refr igerator for super f lu id opera­
t ion. This was a 30 W system and tests 
wi th it led to the design of a 300 W unit 
now being instal led at HEPL. The use of 
this refr igerator should demonstrate the 
feasibi l i ty of operat ing a large and complex 
system from a central refr igerator. Work is 
a l ready under way on the design of a 1000-
2000 W refr igerator. 

The near future 

The 300 W refr igerator is des igned to cool 
a superconduct ing accelerator 150 m long. 
(A 1.5 m prototype has been in operat ion 
s ince December 1966.) With in the next few 
years all the individual pieces of work 
wh ich have been done on var ious aspects 
of SCA technology wi l l be brought toge-

ther in the design, construct ion and ope­
ration of a superconduct ing electron l inac 
150 m long. If all goes wel l it cou ld even­
tual ly lead to a superconduct ing conver­
sion of the SLAC accelerator. 

During th is exci t ing stage of the work at 
Stanford, two CERN people wi l l be work ing 
wi th the team — E. Jones (who did re­
search wi th the storage ring model , CESAR, 
at CERN) and P. Bramham (a l inac r.f. spe­
cial ist f rom the ISR Division). 

End of ING 
The Intense Neutron Generator (ING) pro­
jec t has been rejected by the Canadian 
government. It was announced on 20 Sep­
tember that, in accordance wi th the govern­
ment dec is ion, the AECL (Atomic Energy 
of Canada Limited) wi l l phase out its ING 
studies and exper iments by the end of the 
current f iscal year. 

The ING project was centred on the 
Chalk River Laboratory. It involved the 
const ruct ion of a 1 GeV proton l inear 
accelerator provid ing a cont inuous beam 
of 65 mA to be used pr incipal ly for the 

product ion of an intense f lux of neutrons. 
(See for example CERN COURIER vol . 7 
page 200, for a ful ler descr ipt ion). 

The Canadian government dec ided that 
in the l ight of the other demands on the 
nat ional treasury, the high cost of ING 
cou ld not be met at this t ime. It wou ld 
have been by far the largest, and most 
expensive, s ingle scient i f ic project ever 
funded by the federal government (capital 
cost $ 166 mi l l ion at 1966 pr ices over a 
const ruct ion t ime of seven years). Cana­
dian scient ists are left wi th TRIUMF (see 
CERN COURIER vol . 8, page 136), a cyc lo­
t ron project on the west coast. 
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