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Nobel Prizes 1978 
1978 Physics Nobel prize-winner Peter Kapitza 
of the Institute for Physical Problems, Moscow, 
seen here (centre) on a 1975 visit to the CERN 
SPS (hence the safety helmets), with Russian 
colleagues Vitaly Kaftanov(fight) and Igor 
Go/utvine (left). 

(Photo CERN304.9.75) 

Sharing the coveted Nobel Physics 
Prize this year are Peter Kapitza, of the 
Institute for Physical Problems, Mos­
cow, and Arno Penzias and Robert W i l ­
son of Bell Telephone Laboratories, 
New Jersey. Kapitza was nominated 
for his work in experimental low-
temperature physics, whi le Penzias 
and Wi lson received their accolade for 
low temperature work of another kind 
— the discovery of the 2.7 K radiation 
wh ich permeates the whole of Space. 

Kapitza has been Director of the 
Moscow Institute for Physical Prob­
lems since its inception in 1934 . Pre­
viously he worked w i th Rutherford at 
Cambridge f rom 1 9 2 1 , eventually be­
coming Director of the newly- founded 
Mond Laboratory in 1933 . 

His work at Cambridge was largely 
in the area of strong magnetic f ields, 
but subsequently his attent ion turned 
to low temperature machines and the 
investigation of the behaviour of liquid 
hel ium where he displayed great mas­
tery of experimental techniques and 
great analytic ability. 

Reminiscing on his t ime spent w i th 
Rutherford at Cambridge, Kapitza once 
wro te about a conversation w i th Ru­
therford over dinner at Trinity College. 
" I was expressing the v iew that every 
good scientist must to some extent be 
a madman. Rutherford overheard this 
conversation and asked me, ' in your 
opinion, Kapitza, am I mad too ?'. 'Yes 
Professor,' I replied. ' H o w are you 
going to prove i t ? ' he asked. 'Very 
s imply, ' I replied. 'Perhaps you re­
member a few days ago you men­
t ioned a letter you had received f rom 
the USA, f rom a big American company. 
In this letter they offered to build you 
a colossal laboratory, and to pay you a 
fabulous salary. You laughed at the of­
fer, and wou ld not consider it seriously. 
I th ink you wou ld agree w i th me that 
f rom the point of v iew of a normal per­
son you acted like a madman !' Ruther-
for laughed. He agreed that in all 
probabil i ty I was r ight." 

The work of Penzias and Wi lson 
established a major link between cos­
mology — the study of the immensely 
large — and high energy physics — 
the investigation of the structure of 
matter on the smallest possible scale. 

Their measurements were carried 
out at 4 GHz (7 cm wavelength) in 
1 9 6 4 - 5 , using apparatus built at Bell 
Labs for the satellite communicat ions 
projects of the early 1960s. One 
aspect of these projects was to opt i ­
mize the transmission of messages by 
reducing the 'noise' signals received 
f rom an antenna and amplif ier system. 

The apparatus consisted of a 2 0 -
foot aperture horn antenna linked to a 
4 GHz ruby maser amplifier. The anten­
na signal was compared to a standard 
source cooled w i th liquid hel ium and 
maintained at about 4 K. 

Wi th this apparatus, they picked up 
a small constant signal wh ich wou ld 
not go away. Its intensity correspond­
ed to the radiation which wou ld be 

emi t ted by a perfect radiator ('a black 
body') at a temperature of 2.7 K. The 
signal was moreover isotropic and un-
polarized, and showed no seasonal va­
riations during nine months of data tak­
ing. 

Penzias and Wi lson painstakingly 
tr ied to el iminate possible sources 
wh ich could contr ibute to this myste­
rious signal. One precaution involved 
removing some pigeons which had 
nested in the antenna and cleaning 
the apparatus of their droppings ! 

Even whi le the investigation was 
stil l under way, the new measurement 
provided immediate fuel for cosmolo-
gists searching for explanations of the 
origin of the Universe. Earlier work, in­
cluding the celebrated 1948 Alpher-
Bethe-Gamow paper, had led to the 
idea of the 'Big Bang' , in which the 
Universe is supposed to have originat­
ed in a violent initial cataclysm. 

If so, then some of the intense radia­
t ion of this initial proto-Universe could 
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be left over, so that now the furthest 
reaches of the Universe wou ld not be 
completely empty, but wou ld have a 
temperature a few degrees above ab­
solute zero. The observations of Pen-
zias and Wi lson conf irmed that the sky 
was indeed wa rm. 

According to the theorists, these 
signals are the fossil remains of the in­
tense radiation which existed when the 
Universe was opaque and when part i ­
cles were packed together about 1000 
t imes more closely than they are now. 

After Penzias and Wi lson, subse­
quent measurements, including expe­
r iments above the earth's atmosphere 
to investigate ultra-short wavelength 
radiat ion, established that the observed 
spectrum was that of black-body ra­
diat ion. 

These background signals are there­
fore the oldest information that we 

have ever received, dating back to the 
t ime when the Universe consisted of a 
bunch of free particles in thermal equi­
l ibr ium. 

As t ime passed, the Universe cooled 
and electrons began to be ensnared by 
protons to form atoms. Wi th fewer par­
ticles, the radiation cloud expanded 
and was shifted in wavelength by the 
Doppler effect, eventually reaching the 
puny level f irst detected by Penzias 
and Wi lson. 

Wi th the broad guidelines of the his­
tory of the Universe thus sketched 
out, theorists can speculate about the 
types of particles which existed in the 
thermal equi l ibr ium of the initial hot 
' soup ' . 

For instance, there seems to be an 
upper l imit for the number of types of 
massless neutrinos existing in the early 
hot Universe. This implies that in our 

emerging picture of electro-weak 
interactions, wh ich groups together 
quarks and leptons in a definite way, 
there is a l imit to the number of new 
quark f lavours wai t ing to be dis­
covered at higher energies. 

As a result of this link between cos­
mology and high energy physics, per­
haps w e can begin to gl impse w i th the 
aid of modern accelerators some of the 
phenomena wh ich happened when the 
Universe was being formed. If so, it 
means that the big machines, as wel l 
as uncovering the secrets of the struc­
ture of matter, could reveal other se­
crets as wel l . 

Even before the announcement of 
the Nobel Awards, the Penzias and 
Wi lson discovery had been hailed as 
one of the greatest advances of 
modern astronomy. 

Heavy Ion Fusion 
Workshop at Argonne 
The third in a series of annual 
Workshops on 'Inertial Fusion Driven 
by Beams of Heavy Ions at GeV Ener­
gies' was held f rom 1 9 to 26 Septem­
ber at Argonne National Laboratory. 
There were 158 participants mostly 
f rom Laboratories, Universities and In­
dustries in the USA w i th a few Euro­
pean and Japanese representatives. 
They were pursuing the idea that in­
tense pulses of high energy heavy ions 
are the most efficient way of imploding 
deuter ium-tr i t ium pellets to provide 
power by fusion. 

The Workshop had three goals : the 
first was a critical examination of pro­
posed designs for prototype 1 MJ 
'reactor drivers' wh ich have been pre­
pared at Argonne, Berkeley and Brook-
haven. This examination was also to 

decide on the suitabil i ty of a heavy ion 
demonstrat ion experiment based on 
these designs and the possible upgrad­
ing of the designs to a few MJ . The 
USA Department of Energy hopes to 
confront such a demonstrat ion experi­
ment early in the 1980s. 

A second goal was the exchange of 
information on the progress of heavy 
ion fusion programmes which are un­
der way at the Laboratories. The third 
goal was the communicat ion of pre­
sent thinking on heavy ion fusion in or-
de r to encourage industry and universi­
ty support as was suggested by a re­
cent DOE 'Fusion Review'. 

Heavy ion fusion is under study at 
Argonne, Berkeley and Brookhaven. 
Each Laboratory has an experimental 
programme as wel l as designs of accel­

erator systems as drivers of large pel­
let fusion power plants. The require­
ments for these drivers are stated as a 
total energy of 1 M J at a peak power of 
100 T W in a shaped pulse w i th a repe­
t i t ion rate of 1 Hz or more and an ener­
gy deposit ion rate of 2 0 M J/g of target 
material. 

To date, Argonne has designed sys­
tems using rapid cycling synchrotrons 
w i th storage rings, Brookhaven and Ar­
gonne have designed systems using 
conventional r.f. linacs and storage 
rings, and Berkeley has designed sys­
tems using linear induction accelera­
tors. These conceptual designs for ac­
celerator systems were reviewed at 
the Workshop. 

It is now the stated plan of the DOE 
to build a Heavy Ion Demonstrat ion Ex-
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Leading participants at the Argonne heavy ion 
fusion Workshop: 

1. Dennis Keefe (left) ofBerkeleyandAI 
Maschke of Brookhaven. 
2. Ron Martin of Argonne. 

(Photos Argonne) 

periment (HIDE) beginning in October 
1 9 8 1 . HIDE is to be some part of one of 
the proposed designs and the aim of 
the construct ion wi l l be to demonstra­
te the credibil i ty of the entire design. 

Since the first Heavy Ion Fusion 
Summer Study (see September 1976 
issue, page 291) conceptual designs 
and experiments have al lowed more 
detai led assessments of the alternative 
concepts to be made. At the 1978 
Workshop, four different designs were 
presented and, to accomplish the first 
goal of the Workshop, a technical re­
v iew was carried out in parallel ses­
sions, examining the areas of ion sour­
ces, low velocity linacs, beam manipu­
lations, beam transport and focusing, 
plasma effects in the reactor chamber, 
ionic collision cross-sections, and cost 
est imates. 

The second goal of information ex­
change was accomplished by presen­
tat ions on the first day f rom each of the 
principal Laboratories currently funded 
for heavy ion fusion work by DOE 
(those ment ioned above and the Law­
rence Livermore Laboratory where 
work on pellet design is concentrated). 

Towards the end of the Workshop 
tutorial sessions were held on all 
aspects of heavy ion fusion, primari ly 
for industrial and university observers, 
in pursuit of the third goal. These ses­
sions were videotaped for wider distr i ­
but ion and wi l l be available somet ime 
in November. Proceedings wi l l be pub­
lished early in 1979 . 

Experimental programmes 
at the Laboratories 

Experiments w i th an existing source 
and preaccelerator have been carried 
out at Brookhaven. Xenon was in t rodu­
ced into a duoplasmatron ion source 
and a beam was accelerated to 7 5 0 kV 
in a Cockcrof t -Walton preaccelerator. 
Initial studies of beam neutral ization, 
transport, and acceleration in a 16 
MHz cavity containing eleven acceler­
ating gaps have been performed. 

Of particular interest is the investi­
gat ion of strong focusing of ion beams 
using a trapped electron cloud (Gabor 
lens). Possible uses of such lenses 
wou ld be in the source terminal to iso­
late the source f rom the column, in the 
transport line between the preacceler­
ator and the linac, and in the early sec­
t ions of the low velocity linac. In all of 
these regions, strong focusing is re­
quired to counteract the defocusing 
forces of the space charge domi ­
nated beams. 

The work at Brookhaven is being 
moved into a new building w i th ade­
quate space for a longer range pro­
gramme. A preaccelerator to provide a 
voltage of 4 0 0 to 5 0 0 kV and a trans­
mission line to drive 2 MHz Wideroe 
structures are being built. Surplus in­
dustrial t ransmitters are being mod i ­
f ied to drive this linac at 2 MHz. 

Argonne has been experimenting 
w i th a high brightness xenon source 
f rom Hughes Research Laboratories. 

The source is a Penning discharge, 
Pierce extraction type and delivers 2.5 
mA of X e + 1 w i th 8 0 kV extraction. The 
beam has been transported w i th 9 0 % 
efficiency over a distance of 3 m and its 
emit tance measured to be about 1 cm 
mrad (0.001 cm mrad normalized). 
This is an order of magnitude brighter 
than is required for the heavy ion f u ­
sion driver but not yet high enough in 
current. 

A scaled-up version, w i th a single 
aperture of 3 cm diameter, has deliver­
ed 100 mA at a current density of 15 
m A / c m 2 at Hughes. No emit tance 
measurements have yet been made on 
this source which was delivered to Ar­
gonne in October. A second version is 
being adapted to produce a mercury 
beam. 

Modif icat ions to a surplus Dynami-
tron have been completed and the Dy-
namitron installed and power tested at 
Argonne w i th a dummy load. The ex­
isting r.f. power supply wi l l a l low a cur-
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In a demonstration experiment at Argonne a 1 
mA beam of xenon ions, 1 mm in diameter, at 
an energy of 80 keVwas directed onto a thin 
glass target supported in a vacuum of 10~5 torr. 
The glass is melted and vapourized. 

(Photo Argonne) 

rent of 3 0 mA at 1.5 MV and this wi l l 
be the initial goal w i th xenon ions. A 
co lumn for the Dynamitron is sched­
uled for installation in November. Two 
single drift tube cavities of different ty­
pes at 12.5 MHz are nearing comple­
t ion — one for a buncher and the other 
for the initial accelerating cavity. Three 
other cavities are on order to extend 
the energy. 

In initial experiments, Berkeley has 
achieved a cesium beam of 4 0 0 mA at 
2 0 0 kV f rom a contact ionization sour­
ce. The t ime of f l ight was consistent 
w i th this beam being C s + 1 . The aim is 
to produce 1 A of C s + 1 at a current 
density of 2 m A / c m 2 and to accelerate 
the beam to 2 MeV in three drift tubes. 
This wou ld test drift tube accelerators 
as an injector for a linear induct ion ac­
celerator. 

Also developed at Berkeley is a mu l -
t iaperture (13 apertures over 2.5 cm 
diameter) xenon source. Extraction is 
at 2 0 kV and the normalized emit tance 

measured at 1.5 m f rom the source 
w i th 4 0 mA of beam current was 0.03 
cm mrad. The source was mounted in 
the terminal of a Cockcroft-Walton and 
the beam transported to the column 
through a pair of quadrupole tr iplets. A 
current of 6 0 mA at 4 7 5 kV has been 
attained to da te ; no emit tance measu­
rements have yet been made. 

Unfortunately, despite these expand­
ing research and development pro­
grammes, the amount of money tha t 
DOE is to make available this Fiscal 
Year for the heavy ion fusion work is 
shrinking f rom $ 5 M to about $ 3.5 M. 

Proposed designs for the heavy ion 
accelerators 

Four proposed designs were studied at 
the Workshop — conceived as possi­
ble drivers for a commercial fusion po­
wer plant producing beams of at least 
1 MJ w i th peak power of at least 100 
T W on target w i th an overall (pellet 

burn) repeti t ion rate of one per second 
or greater. 

The Brookhaven design has a con­
ventional r.f. linac w i t h eight accumu­
lator rings to store 10 MJ of beam 
energy. The beam is delivered in two 
clusters of four beams each to a 3 mm 
diameter target in 50 ns for a peak 
power of 2 0 0 TW, The system uses 
uranium ions accelerated to 2 0 GeV 
and has a capabil i ty of operating at 
15 Hz. As opposed to the more l imited 
aims of the other proposals, Brook-
haven's is really a large prototype 
commercial power plant. 

Eight sources are used to give 
beams of 4 0 mA of U + 1 each 
accelerated through a preaccelerator 
of 5 0 0 kV fo l lowed by a 2 MHz Wide-
roe to reach 6 MeV. An output current 
of 2 0 mA f rom each unit is anticipated. 
The ions are str ipped at this stage to 
U + 2 w i t h 5 0 % efficiency and pairs of 
beams are combined into four 4 MHz 
Wideroe linacs. Combinat ion of pairs 
of beams is cont inued into 8 MHz W i ­
deroe linacs and finally into a 4 8 MHz 
Alvarez linac. Further frequency transi­
t ions take place in Alvarez linacs to 96 
MHz and 192 MHz w i th the bulk of the 
acceleration to 2 0 GeV occurring 
in the latter. 

At this stage, the current is 1 60 mA 
in bunches at a 16 MHz rate (using one 
bucket in twelve of the 1 92 MHz linac). 
This beam is injected into a large ra­
dius mult ipl ier ring w i th ten turn injec­
t ion to give 1.6 A circulat ing. Upon ex­
t ract ion, the horizontal and vertical 
planes are interchanged to al low ten 
turn horizontal injection into a second 
mult ipl ier ring w i th a tenth the radius 
of the first for a final circulating current 
of 1 6 A. The process is repeated eight 
t imes to accumulate 10 MJ . Compres­
sion to the final bunch length is begun 
in the accumulator rings and complet­
ed in the transport line to the target. 
The accumulator rings are arranged in 
t w o clusters so that two clusters of 
four beams each are fired at the target. 

Argonne presented HEARTHFIRE 2 
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The Dynamitron atArgonne disassembled 
revealing the voltage multiplier stack and old 
ion source. A new xenon source to give currents 
of 100 mA is now installed. 

(Photo Argonne) 

— a conventional r.f. linac system with 
accumulator rings. H g + 8 ions are 
accelerated to 20 GeV to store 1 MJ of 
beam energy in eighteen rings arrang­
ed in two clusters of nine rings each. 
Eighteen beams would be transported 
to the target with a final bunch length 
of 6 ns to give a peak power of 1 60 
TW. 

Two sources of 50 mA of Hg + 1 are 
employed with acceleration to 1.5 
MeV in modified Dynamitrons. Bun-
chers give 8 0 % capture in 12.5 MHz li-
nacs to provide 40 mA in each. The 
ions are stripped to charge +8 at an 
appropriate energy around 20 MeV 
with an efficiency of 20%. The electri­
cal current is thus increased to 64 mA 
and the two beams combined into a 
single Wideroe linac at 25 MHz. Tran­
sitions to Alvarez linacs at higher fre­
quencies give acceleration to 20 GeV. 

Current multiplication is accompli­
shed through delay stacking bypasses 
and rings to combine beams in the 

transverse plane, four at a time, using 
thin septum magnets. A transmission" 
efficiency of 93 % with emittance dilu­
tion of 1.45 at each combination is as­
sumed. A total of four such manipula­
tions is contemplated, two in each 
transverse plane, to give a current mul­
tiplication of 256. 

Coupled with an overall efficiency of 
75 % this process results in a current of 
24 A injected into each of the accumu­
lator rings. The beam then requires 
adiabatic debunching and rebunching 
to a single bunch in the accumulator 
rings. Longitudinal compression by a 
factor of 74 is accomplished by linear 
induction cavities external to the rings 
followed by half a turn around another 
ring for transport to the target. 

Argonne's synchrotron-based sys­
tem is called HEARTHFIRE 3. It acce­
lerates X e + 8 to 20 GeV for storage of 1 
MJ of beam energy in sixteen accumu­
lator rings in 1 s. The choice of X e + 8 is 

related to this time interval, in that the 
ion has a closed electronic shell and 
the charge exchange cross-section is 
expected to be an order of magnitude 
lower than for xenon ions of lower 
charge, giving beam losses no more 
than 10% during the accumulation. 

The system begins with two Xe + 1 

sources of about 20 mA captured with 
50% efficiency in special 12.5 MHz 
structures followed by Wideroe linacs. 
Stripping to a +8 charge state takes 
place with about 2 0 % efficiency at 11 
MeV and the two beams are combined 
in a 25 MHz Wideroe to give a 30 mA 
beam. Further frequency transitions 
take place in Alvarez linacs to produce 
30 mA of X e + 8 at 4.4 GeV with a bunch 
structure of 25 MHz. 

Nine turn injection into a rapid cy­
cling synchrotron is proposed where 
the beam is accelerated to 20 GeV and 
transferred to a rebuncher ring. Re-
bunching to a harmonic number of two 
takes place after two synchrotron 
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Two of the proposed designs of high energy 
heavy ion accelerator systems to produce 
intense pulses for the fusion of deuterium-
tritium pellets: 

1. The Brookhaven scheme with banks of 
injectors feeding into conventionalr.f. linacs 
followed by multiplier and accumulator storage 
rings. 
2. The Berkeley scheme of attractive 
simplicity, provided the induction linacs (iron 
core andferrite) prove capable of handling 
heavy ion beams. 

2. 
pulses are injected synchronously into 
the rebuncher ring. Sixteen pulses 
f rom the rebuncher are injected into a 
storage ring. Of these pulses, t w o turns 
are injected into the transverse plane 
and eight into the longitudinal plane, 
result ing in sixteen circulating 
bunches, adiabatic rebunching to t w o 
bunches per ring in half the storage 
rings, and one per ring in the other. 

W i t h sixteen storage, rings this re­
sults in twenty- four beams trans­

ported to the target and provides some 
degree of pulse shaping. Thi r ty- two 
synchrotron pulses are required to fill 
each storage ring. At a synchrotron re­
peti t ion rate of 64 pulses/s, eight 
synchrotrons are required to complete 
the accumulat ion in 1 s. Four rebun­
cher rings are necessary to complete 
the adiabatic operations in this period 
of t ime. 

The Berkeley design uses the linear 
induct ion accelerator. The source is of 

contact ionization type producing 4 A 
(at 2 mA/cm 2 ) of U + 1 for a duration of 
4 0 us. The beam is accelerated in a se­
ries of drift tubes to 5 MeV and str ip­
ped to U + 4 w i th 3 7 . 5 % efficiency 
result ing in an electrical current of 6 A. 
In addit ion to further acceleration in 
drift tubes at 2 0 0 MeV, the beam is 
also compressed to a duration of 4 us 
and a current of 6 0 A for injection into 
the iron core induct ion cavity section. 

The process of current mult ipl ica­
t ion by beam compression s imul­
taneously w i th acceleration is cont i ­
nued there to produce an 8 GeV beam 
of 1 2 0 0 A w i th 2 0 0 us durat ion. Ferri-
te core induct ion cavities are then em­
ployed to accelerate to 19 GeV w i th a 
f inal current of 3 2 0 0 A and a duration 
of 75 ns. 

A final stage of induction cavities 
has a ferrite core buncher w i th a gra­
dient of 1 MV/m to provide compres­
sion of the beam in a relatively long 
drift distance to its final duration of 7 
ns and 3 4 kA. However, before the cur­
rent has achieved this value, the beam 
is split by septum magnets into sixteen 
beams and transported to the target in 
t w o clusters of eight such that the 
max imum current in any one beam 
is about 2 kA. 

Conclusions from the Workshop 

The Workshop evaluation of designs 
were assembled by a 'Reference De­
sign Commi t tee ' and conclusions 
about technical feasibil i ty were pre­
sented by Lee Teng of Fermilab, Chair­
man of the Commit tee, at the final ses­
sion of the Workshop. 

None of the designs was judged suf­
f ic ient ly complete to al low a detailed 
compar ison, nor do they all address a 
common parameter regime. Further­
more, none of the designs are opt imiz­
ed and differences in many aspects 
are related more to preferences of the 
designers rather than to any funda­
mental issues. Nevertheless some ge­
neral conclusions were drawn. 
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There was a clear consensus that at 
least one accelerator conf igurat ion, 
that of conventional r.f. linacs w i th ac­
cumulator rings, could meet the requi­
rements w i th confidence, based on 
current knowledge. There are no pro­
found differences between the Argon­
ne and Brookhaven designs, except in 
scale and cost. The Brookhaven esti­
mate for their 10 MJ driver was $ 8 0 0 
M (the cost group at the Workshop 
gave a figure of $ 1000 to 1500 M). 
The Argonne f igure for their 1 M J sys­
tem was $ 3 6 0 M (the cost group 
est imated $ 4 0 0 to 5 0 0 M). 

The linear induct ion accelerator is 
attractive because of the simpl ic i ty of 
the concept. However, judgement had 
to be reserved because acceleration of 
ions by linear induction accelerators 
has not yet been demonstrated. Consi­
derable development is required to 

bring this configuration into the same 
confidence ball-park as conventional 
linacs. Berkeley's cost est imate was 
between $ 4 0 0 and 5 0 0 M (the cost 
group agreed). 

Synchrotron-based accelerator sys­
tems are now considered less promis­
ing than a year ago. The apparent cost 
advantage over conventional linac sys­
tems has narrowed because of the 
recognit ion that, at high f ie ld, the 
bunching factor must be kept low to 
maintain the small momentum spread 
required for good final focusing. Hence, 
the space charge l imit is reduced and 
more synchrotrons are required. In 
addi t ion, a special ion (such as X e + 8 ) of 
signif icantly lower charge exchange 
cross-section is required, the vacuum 
requirements and the required repet i­
t ion rate are at the border of technical 
feasibil i ty. 

For these reasons, synchrotron-
based accelerator system appear sig­
nif icantly more diff icult than systems 
based on linacs, unless technology de­
monstrat ions and cross-section mea­
surements are carried out first to prove 
feasibil i ty. Argonne's cost est imate for 
their 1 MJ system was $ 255 M (the 
cost group was not able to examine 
this in detail). 

Summing up the meet ing, Terry 
Godlove of DOE said Th is Workshop 
marks a milestone in the heavy ion f u ­
sion programme. The claims of the or i ­
ginators of HIF, that existing accelera­
tor technology can be adapted and 
modif ied to create a driver for ICF in 
the energy range suitable for a power 
reactor, have now largely been ver i ­
f ied' . 

Thinking Very Big 
From 1 5 - 2 1 October a 'Workshop on 
Accelerator and Detector Possibilit ies 
and L imi tat ions ' was held at Fermilab. 
It was promoted by the International 
Commit tee for Future Accelerators in 
the context of its long-term thinking 
about the future of high energy 
physics. 

As w e have described in CERN 
COURIER previously, ICFA (set up un­
der the auspices of the International 
Union for Pure and Appl ied Physics) is 
a forum where representatives f rom 
the various regions of the wor ld in­
volved in high energy physics can dis­
cuss further cooperat ion in the use of 
existing and planned facil i t ies and, par­
ticularly, discuss wor ld -w ide part ic ipa­
t ion in the construct ion of an ac­
celerator (often referred to as the VBA -

Very Big Accelerator). Any such con­
struct ion is obviously not envisaged for 
many years to come and each of the 
regions have their hands full w i th their 
own projects for the near future. 
Nevertheless it is a responsibil ity of the 
high energy physics communi ty to 
think of the physics needs ahead, and 
of the extent to which machines and 
detect ion systems could meet these 
needs. 

The Workshop at Fermilab was 
proposed in January of this year at an 
ICFA Meet ing in CERN. It attracted 
about forty representatives f rom 
Eastern Europe, Japan, USA, Western 
Europe and China (present at such a 
meet ing for the first t ime). 

Work ing groups were set up on 
seven top ics : Proton accelerators 

(reported by Victor Yarba), Colliding 
beams: proton-proton, proton-ant i -
proton, electron-proton (Eberhard 
Keil), Electron accelerators and 
storage rings (John Rees), Neutrino ex­
periments (Ugo Amaldi) , Hadron ex­
periments (Bob Diebold), Lepton and 
photon experiments (Barry Barish), 
Detectors (Georges Charpak and Bill 
Wil l is). 

The proton accelerator group came 
out w i th several parameters for wha t 
they considered to be a machine of ap­
propriate scale — energy of 2 0 TeV, 
intensity of 1 0 1 3 protons per second, 
magnetic fields of 10 T using high f ield 
superconductor, radius about 12 km, 
3 2 0 0 MJ of energy in the beam, power 
requirement about 3 0 0 MW. The area 
of greatest diff iculty that they covered 
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is a need to keep beam loss below 10" 6 . 
The first of the storage ring groups 

took off f rom the parameters of such a 
proton synchrotron and saw no serious 
technological diff icult ies in adding 
storage rings. For proton-proton col l i ­
sions a luminosity of over 1 0 3 3 per c m 2 

per s wou ld emerge f rom 6 x 1 0 1 4 

protons, 0.5 A current in 2 4 0 0 
bunches around the rings. There could 
be experimental diff icult ies though, 
because each coll ision of t w o such 
bunches wou ld give seven interactions 
on average and these could be hard to 
untangle. Unbunched beams wou ld 
still have a luminosity in the 5 x 1 0 3 2 

range. 
For proton-ant iproton coll isions 

rather conservative assumptions of an-
t iproton accumulat ion at the rate of 
1 0 1 2 per day plus the proton syn­
chrotron parameters gives a luminosity 
of 2.6 x 1 0 3 0 at 2 0 TeV per beam. As 
w i th the CERN SPS and Fermilab 
machines this wou ld be a com­
paratively cheap way of gett ing access 
to higher interaction energies given the 
basic machine. Bypasses around the 
interaction regions could al low or­
dinary machine operation independent 
of the existence of the coll iding beam 
detect ion systems. 

For electron-proton coll isions, a 
luminosity of 1 0 3 2 is feasible w i t h an 
electron energy of 140 GeV. The syn­
chrotron radiation power of the cir­
culat ing electron beam is about 100 
MW. 

An interesting realization emerged 
f rom the electron-positron group. They 
looked at an idea, wh ich has existed in 
several forms for some years, to coll ide 
beams f rom linacs. The problem has 
always been the product ion, or conser­
vat ion, of enough positrons. A t the Fer­
milab Workshop, Burt Richter wanted 
to test the idea of ' t h row ing away ' the 
positrons and using the electrons 
emerging f rom a coll iding bunch to 
regenerate positrons. Wi th energies 
over 100 GeV this looks feasible. 

When looking at the question of 

shrinking these beams, a phenomenon 
nicknamed 'beamst rah lung ' raised its 
head. Just as an electron emits syn­
chrotron radiation when travell ing 
through the electromagnetic field of a 
magnet, so it emits synchrotron radia­
t ion when travell ing through the 
electromagnetic field of a bunch of 
positrons (and vice versa for the 
electron bunch effect on positrons). 
This grows in seriousness w i th beam 
energy. 

The phenomenon was looked at in 
the course of the LEP study at CERN 
but was not pursued once it was 
shown that, though hard X-rays wi l l 
emerge f rom the beam crossing 
region, they should not upset the ex­
periments or the beam. The group at 
the Fermilab Workshop took thinking a 
stage further and asked at what energy 
wou ld the growth in energy spread of 
the beam due to beamstrahlung 
become troublesome. They emerged 
w i th the (possibly a little pessimistic) 
conclusion that beamstrahlung l imits 
electron-positron storage rings w i th 
only a few bunches to energies below 
180 GeV. 

From the groups looking at experi­
ments, the general conclusions w e r e : 
Neutrino experiments could be done 
w i th detect ion systems not much big­
ger than at present. The beams wou ld 
be very long (30 km for 10 TeV) but 
earth shielding wou ld be adequate 
because of muon bremsstrahlung. 
Photon physics wou ld be feasible but 
diff icult. Hadron physics wou ld see the 
proport ional cost of beams decreasing 
w i th energy since they scale w i th the 
square root of the momentum. 

Detection systems are expected to 
rise to the challenges of a higher 
energy range where particle identi f ica­
t ion w i l l , in general, be easier. Spatial 
resolution wi l l probably be pushed to 
10 - 2 0 pm by then, in detect ion 
systems able to accept very high inten­
sities. Calorimetry should also be good 
w i th accuracies in the 10 TeV energy 
range of about 1 %. 

A general conclusion f rom the 
physics and detector groups was that 
experiments should be no harder to 
perform at these extremely high 
energies than they are w i th existing ac­
celerators and storage rings. In fact in 
many ways our present range of peak 
energies is the most diff icult in terms 
of particle detect ion systems. 

There was an ICFA Meeting at the 
end of the Workshop. John Adams was 
elected Chairman for a further year and 
it was decided to hold another 
Workshop in a year's t ime in the 
Geneva region. 
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Around the Laboratories 

DESY 
Experiments now in 
PETRA ring 
The rapid progress in bringing the 
electron-positron storage ring, PETRA, 
into operation at the DESY Laboratory 
is typif ied by t w o major achievements 
in the first period of machine develop­
ment wh ich ended on 9 October. Soon 
after a short shutdown for cavity instal­
lation in August, an electron beam was 
accelerated to 11 GeV w i thou t loss. In 
the middle of September a luminosity 
of 2 x 1 0 2 9 per c m 2 per s (about 1/4 
the design value) was measured and a 
beam li fet ime of about t w o hours was 
obtained. Four hours l i fet ime is ex­
pected at a later stage. 

The drive of the PETRA machine 
group presented a great challenge to 
the experimental groups to advance 
their own t ime schedules and to install 
their detectors in the interaction 
regions during the t w o weeks of the 
October shutdown. Originally experi­
ments were scheduled to start only in 
summer 1979 ! 

The PLUTO detector, wh ich was 
transferred f rom DORIS to PETRA dur­
ing the summer, has been upgraded by 
enlarging the muon fi l ter and adding a 
forward detector. All components have 
been checked in extensive tests w i th 
cosmic rays. The other t w o groups 
who decided to move their detectors 
into the PETRA ring in October are 
MARK J and TASSO. Al though these 
detectors do not yet have all their 
components, the installation is so 
far advanced that the major elements 
can be checked out w i th circulating 
beams and, if adequate luminosity is 
available, physics results can be 
produced. 

The MARK J detection system, now installed at 
PETRA, viewed along the beam pipe. 

(Photo DESY) 

The PLUTO detection system, which has built 
itself a fine reputation in experiments on the 
DORIS storage ring, being rolled into place in its 
revamped configuration at PETRA. All PETRA 
detection systems are designed to be 
installable in the ring within a week. 

(Photo DESY) 
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Comparison of the data on the upsilon 
resonances from the Fermilab experiment, 
where the particles were discovered, and from 
the DORIS storage ring. Notice how much 
cleaner the signals from electron-positron 
annihilation appear. 

The MARK J experiment is a co l ­
laboration of Aachen / DESY / MIT / 
NIKHEF (Amsterdam) and the Institute 
of High Energy Physics, Peking. The 
detector is designed to measure R 
(thereby searching for new particles) 
and to measure muon asymmetr ies as 
wel l as hadron asymmetr ies coming 
f rom weak interaction effects. It con­
sists of ten layers of counters wh ich 
sample the pulse height f rom hadrons 
and muons, as wel l as drift chambers, 
wh ich measure the trajectories of 
muons in magnetized iron. In order to 
study asymmetr ies down to one per­
cent accuracy the detector is designed 
to be able to rotate both in polar angle 
9 (by 180°) and in <|> (by 90°). 

TASSO stands for Two Arm 
Spectrometer SOIenoid and is being 
built by a col laboration of Aachen / 
Bonn / DESY / Hamburg / Imperial Col­
lege London / Oxford / Rutherford / 
Weizmann Institute and Wisconsin. It 
consists of a 4 n magnetic detector plus 

two spectrometer arms. A th in-wal led 
solenoid provides a field of 0.5 T paral­
lel to the beam axis. Direction and 
momenta of charged particles are 
measured by proport ional chambers 
and a large volume drift chamber. Par­
ticle identi f ication in the low energy 
region is achieved by t ime-of- f l ight 
counters inside the solenoid, whi le the 
spectrometer arms provide particle 
identi f icat ion up to the highest 
momenta, using Cherenkov counters 
— one aerogel (n = 1.02) and t w o nor­
mal pressurized gas counters. Photons 
and electrons are identif ied and their 
energies are measured in liquid argon 
shower counters. The spectrometer 
arms as wel l as the main liquid argon 
counters have not yet been installed. 

When the f irst experiments were ap­
proved by the PETRA Research Com­
mit tee, whose members come f rom all 
over Europe, it was decided that all 
detectors should be designed so that 
they can be moved into an interaction 

region w i th in a week. Consequently all 
experiments are mounted on rails and 
in some cases more than 1000 tons 
are pushed along rails at a gentle 
speed of a couple of centimetres per 
minute. Only because of this mobil i ty 
was it possible to install three experi­
ments during a t w o week shutdown. 

During the running period until the 
end of the year, priority wi l l be given to 
machine development, the main aim 
being to try out ring optics for high 
energies and to opt imize luminosity. If 
physics shifts are scheduled, the beam 
energy wi l l most probably be about 5 
GeV and the properties of the upsilon 
resonances can be investigated. If 
above the upsilon (9.45) and upsilon 
pr ime (10.02) wh ich have already 
been observed at the DORIS storage 
ring at DESY (see September issue, 
page 298) there exists an upsilon dou­
ble pr ime, all three experiments are 
capable of detect ing it. 

It is impressive to see how much 
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more clearly the upsilon signals appear 
above the cont inuum background 
when they are produced in electron-
positron annihi lat ion rather than in 
classical spectrometers at ac­
celerators. 

At PETRA the signals should 
become even more pronounced be­
cause of the smaller energy spread in 
the beams. 

BROOKHAVEN 
Groundbreaking for 
ISABELLE 

On 27 October ground was broken at 
the Brookhaven Laboratory in a 
ceremony to mark the start of con­
struct ion of the 4 0 0 GeV proton-
proton storage rings, ISABELLE. 

Speakers at the ceremony included 

Jerome Ambro and John Wydler (U.S. 
Congressmen), Dale Myers (Under-
Secretary in the U.S. Department of 
Energy), Michael Zeller (Chairman of 
the High Energy Discussion Group of 
the BNL Users' Organization), Geraid 
Tape (President of Associated Univer­
sities Inc.) and George Vineyard (Direc­
tor of Brookhaven). J im Sanford 
(ISABELLE project Director) and Bill 
Wal lenmeyer (Director of the DOE 
Division of High Energy Physics) 
posit ioned the first survey monument. 

October was a good month in 
several other ways for the ISABELLE 
project. A superconducting dipole 
magnet topped 5 T and the U.S. 
Congress approved $23 mil l ion for 
machine construct ion in Fiscal Year 
1979 . 

The initial design of ISABELLE 
aimed for coll iding proton beams of 
energy up to 2 0 0 GeV. This required 
the superconduct ing bending magnets 
to reach a peak field of 4 T. At a later 
stage, the top energy was moved to 
4 0 0 GeV and the design of the rings 
then required a peak field of 5 T which 
is pushing the niobium-t i tanium super­
conductor as high as it can reasonably 
go. Early in October, the first magnet 
designed to reach 5 T exceeded this 
goal. 

Later in the month , Congress bles­
sed $ 2 3 mil l ion for construct ion. It wi l l 
be used to build a third of the ring tun ­
nel and one of the experimental halls 
(the 'W ide Ang le ' hall near the t w o in­
ject ion points on the rings). Compo­
nents for a hundred of the magnets wi l l 
also be obtained and assembly wi l l fo l ­
low in subsequent years on the f loor of 
the hall wh ich used to house the 
Cosmotron accelerator. 

The ISABELLE groundbreaking ceremony on 
2 7 October: Left to right, Congressman Jerome 
Ambro, I >nder-Secretary of the Department of 
Energy Dale D. Myers and GeraldF. Tape, 
President of Associated I Universities Inc., 
setting the first concrete survey monument for 
ISABELLE. 

(Photo Brookhaven) 
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CERN 
Textbook charm 
From a run w i th the BEBC bubble 
chamber fi l led w i th hydrogen and ex­
posed to the wide-band neutrino beam 
f rom the SPS, an Aachen / Bonn / 
CERN / Munich / Oxford col laboration 
has discovered an event wh ich is an 
explicit example of the product ion and 
decay of charmed mesons. 

Rather than measuring the level of 
charm production by analysing 
produced muons and / or electrons, the 
object of the BEBC experiment is to 
search for explicit examples of charm 
product ion and decay, w i th maximal 
identi f icat ion of all particles. 

The event is a textbook example of 
charm production and subsequent 
decay, and is also the first sight ing of 
explicit charm product ion at CERN. In 
the basic reaction, the incoming 
neutr ino hits a proton, producing a 
negative muon and an excited 
charmed meson, D* + . The muon is 
identif ied through simultaneous hits in 
both planes of the BEBC External Muon 
Identifier (EMI). The ini t ial ly-produced 
D* very quickly decays into a l ighter 
charmed meson, D°, plus a pion. The 
D° in turn breaks up into a kaon and a 
pion. 

A l though neither of the t w o 
charmed mesons can be seen in the 
photograph because of their short 
l i fet ime, all other particles f rom the in­
itial product ion vertex and the subse­
quent decays are electrically charged 
and give observable tracks. 

No addit ional invisible neutral part i ­
cles have to be included and measure­
ments therefore give very reliable in­
format ion on the kinematics of the 
decay chain. This gives the masses of 
the charmed D* and D° mesons, and 
the mass difference between them is 
found to be 145 MeV, in agreement 
w i th measurements at SLAC. 

A nice touch is provided by the 
negative kaon f rom the decay of the 

D°, wh ich curves round in the 
magnetic f ield, f inally stopping and in­
teract ing w i th a proton. This produces 
a sigma and a pion which have to 
emerge in exactly opposite directions 
to conserve momen tum. 

After travell ing about a cent imetre, 
the sigma decays into a neutron and a 
pion, and just to complete the picture, 
the invisible neutron hits a proton, 
which recoils and produces a short 
stub track. 

Textbook charm production as seen in neutrino 
interactions in the BEBC bubble chamber by the 
A achen / Bonn / CERN/Munich / Oxford 
collaboration. Although their short lifetime 
prevents the two charmed mesons from being 
seen directly, all other particles from the 
production vertex and subsequent decays are 
charged and give observable tracks. This gives a 
very reliable indication of the kinematics of the 
decay chain. 

Also the s low posit ive pion f rom the 
charm decay is seen to decay in f l ight, 
emi t t ing a posit ive muon and a 
neutr ino. There is a tel l-tale kink in the 
track at the point where the otherwise 
invisible neutr ino is produced. The 
posit ive muon continues to spiral until 
it comes to rest and produces a 
positron. 

Al though the l i fet ime of charmed 
particles seems to rule out observable 
bubble chamber tracks, their decay 
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Explanation of the charm production event seen 
in BEBC. As well as the production and decay of 
charmed mesons, the photograph shows a 
negative kaon stopping and interacting with a 
proton, with interesting consequences. The 
weak decay of a positive pion can also be 
followed, the decay point and emission of a 
neutrino showing up as a definite kink in the 
spiral. 

products can be studied in detail in 
bubble chamber experiments. This 
could supplement the knowledge of 
charmed particle spectroscopy gained 
so far f rom experiments at electron-
positron machines. 

Wi th the first charm product ion 
event containing such a weal th of in­
format ion, the BEBC col laboration is 
hoping that the remainder of the 
2 8 5 0 0 0 photograph sample wi l l 
reveal a great deal. 

Hypernuclei 
Experiments at CERN using hyper­
nuclei have discovered a remarkably 
simple behaviour in the interaction 
between lambda particles and nuclei. 
Whi le the results are not yet ful ly un­
derstood, they could provide an ad­
dit ional clue in the quest to explain the 
details of nuclear forces. 

Hypernuclei are formed when the 
usual nucleons in atomic nuclei are 

t ransformed into heavier particles 
(hyperons) by bombarding a target 
w i th a low-energy kaon beam. The in­
vest igat ion of these artificial nuclei 
supplements our knowledge of particle 
behaviour gained f rom scattering ex­
periments. 

Of the commonly-encountered 
hyperons, only the spin one-half, 
electrically neutral lambda particle of 
mass 1115 MeV is stable against 
strong decays. As the l ightest baryon 
carrying strangeness and being only 
sl ightly heavier than the nucleon, the 
lambda cannot decay through 
strangeness-conserving strong inter­
actions into a nucleon and a kaon. 

Instead, the free lambda decays 
weakly w i t h a l i fetime of 2.6 x 1 0 " 1 0 s, 
violat ing strangeness and producing a 
nucleon and a pion. In nuclear matter, 
the presence of nucleons makes 
another decay possible, in wh ich a 
lambda and a nucleon decay weakly 
into t w o nucleons. It is in fact this 
decay wh ich governs the l i fetime of 
lambda particle hypernuclei, wh ich at 
about 2 x 10~ 1 0 s is long enough to a l ­
low their strong and electromagnetic 
properties to be studied. 

The lambda-nucleus interaction is 
comparable in strength to the nucleon-
nucleus one. Carrying spin one-half but 
no electric charge, the lambda could be 
expected to behave in a nucleus much 
like a neutron, were it not for the fact 
that the lambda carries strangeness. 
Thus the study of hypernuclei provides 
important information about the 
strangeness properties of the strong 
interact ion. 

In a series of experiments at CERN, 
a Heidelberg/Saclay/Strasbourg col­
laboration used a low energy (about 
7 0 0 MeV) separated negative kaon 
beam f rom the 2 8 GeV Proton 
Synchrotron. These experiments 
detected transit ions where the struck 
nucleon, when converted to a lambda, 
also shifted into another nuclear 
energy level. These results revealed 
that the lambda-nucleus interaction 
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has a particularly simple fo rm, where 
the lambda, although carrying spin 
one-half, seems to behave like a 
spinless particle. 

W i th low-energy kaon beams 
(typically less than 1 GeV), the recoil 
energy of the lambda particle formed 
f rom a struck nucleon is less than the 
Fermi mot ion of the individual 
nucleons. This means that the lambda 
wi l l tend to remain in the same energy 
level as the parent nucleon. These 
transit ions are termed 'recoilless'. 

In addi t ion, other interactions are 
possible in which the struck nucleon 
receives enough momentum to knock 
the lambda into another energy level in 
the nucleus. The probabil i ty of such 
reactions, known as 'quasi-free', in ­
creases w i th the energy of the incident 
kaons. 

The aim of the initial experiments by 
the Heidelberg/Saclay/Strasbourg col ­
laborat ion, using 715 MeV negative 
kaon beams on carbon-12 and 
oxygen-16 targets, was to study the 
fine structure of hypernuclei formed in 
recoilless transit ions and to search for 
quasi-free transit ions, never before 
studied in detai l . In these experiments 
the rate of hypernucleus product ion 
was increased almost a hundred-fold 
over previous investigations. 

Besides the dominant pair of recoi l-
less transit ions, the oxygen spectrum 
showed an addit ional doublet wh ich 
has the properties expected of quasi-
free transit ions where the lambda falls 

Spectra from the Heide/berg/Sac/ay/ 
Strasbourg collaboration studying the 
production of hypernuclei at CERN using low-
energy kaon beams incident on oxygen-16.B is 
the binding energy of the lambda particles in 
the hypernuclei. The two prominent 
enhancements are those where the produced 
hyper on remains in the same energy level as the 
struck nucleon, while the two smaller peaks 
correspond to transitions where the lambda 
falls into a lower energy level. This is the first 
time that these transitions have been detected, 
and reveals startling new information about the 
lambda-nucleus-interaction. 

into a lower energy level w i th different 
angular momentum. 

What is remarkable is that the split­
t ing w i th in these doublets is the same 
for the recoilless and the quasi-free 
transit ions, showing that the spin-orbit 
interaction does not seem to change 
w i th angular momentum. This is in 
contrast to the nucleon-nucleus in­
teract ion, in wh ich the spin-orbit effect 
is dominant over everything else. 

Results f rom investigations using 
ca lc ium-40 and sulphur-32 w i th a 7 9 0 
MeV negative kaon beam again show 
minimal spin-orbit coupl ing, and reveal 
as wel l that the spl i t t ing between 
neighbouring energy levels seems to 
be roughly constant. It is as though the 
lambda-nucleus force is described by a 
spin- independent potential of a simple 
harmonic oscil lator type. 

The spin-orbit force plays an impor­
tant role in nuclear physics, and lies 
behind many prominent features of 
nuclear behaviour. However its origin 

and its remarkable strength w i th 
nucleons are still not fully explained. 
Perhaps the discovery of the radically 
new behaviour w i th lambda particles 
could shed new light on this old 
problem. 

Niobium-tin 
route to 8 T 
For many years it has been known that 
the n iobium-t in alloy has considerable 
advantages over the 'convent iona l ' 
n iob ium-t i tan ium alloy as a super­
conductor. It has a much higher transi­
t ion temperature (18 K) before losing 
its superconduct ing property and can 
take extremely high currents even at 
high fields ( 1 0 7 A per c m 2 at 10 T). 

Unfortunately its metallurgical 
properties are much less favourable, 
wh ich is why niobium-t i tanium has 
been the preferred alloy for almost all 
appl ications up to now. Niobium-t in is 
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The conductor used in a niobium-tin 
superconducting solenoid which has given 8.8 
Tin tests at CERN. The conductor has a cross-
section of 1.1 x 2.2 mm2. The white areas are 
copper and there are ten strands with niobium-
tin filaments in a bronze matrix. 

very britt le and strains of less than 1 % 
are sufficient to break f i laments. It is 
thus diff icult to fabricate in the con­
f igurations needed for magnet coils. 

Two techniques in particular have 
been pursued to overcome this 
problem. One uses niobium f i laments 
surrounded by copper-t in bronze whi le 
forming the coils and then reacts at 
high temperature so that the t in dif­
fuses into the niobium to give the re­
quired alloy. This technique has been 
developed, for example, by a Ruther­
ford/Harwel l col laborat ion. They 
produced a solenoid giving 10 T fields 
some t ime ago though not using high 
current density (see October issue 
1974 , page 349) . The other technique 
uses niobium in t in-coated copper and 
reacts the formed braid so that the 
t in diffuses in to give the alloy. 
Brookhaven have pioneered this 
technique and have recently powered 
a superconduct ing n iobium-t in dipole. 

Asma l l team, led by A. Asner w i th D. 
Hagedorn in the SPS EMA Group, 
came into the game t w o years ago and 
fo l lowed the bronze technique in trying 
to develop magnets using copper 
stabil ized, f ine f i lamentary n iobium-t in 
superconductor to give fields up to 8 T 
w i th overall current densit ies in excess 
of 3 0 0 A per m m 3 . They worked w i th 
t w o f i rms, IMI and Vacuumschmelze, 
on the superconductor, and Isolawerke 
and Quartz & Silice on the insulation. 

Insulation is a tr icky problem 
because of the high temperature swing 

f rom reaction at 1000 K to operation 
at 4 K. A quartz glass sleeve 0.2 mm 
thick was used around the conductor, 
impregnated initially w i th paraffin 
(which was later drawn off when the 
insulation was in place during reaction 
of the superconductor). After reaction 
the wind ing was impregnated w i th 
epoxy resin. 

The latest results w i th a solenoid 
(26 m m internal diameter, 92 m m ex­
ternal diameter, 53 m m long) using 
conductor of 1.1 x 2.2 m m 2 cross-
section have given a f ield of over 8.8 T 
w i th 3 5 0 A per m m 2 wh ich is a better 
performance than was ant icipated. 
These short sample figures were 
reached w i thout any training. The coil 
could be pulsed to 7 T in about 60 s. 

A lot has been learned on the 
problems of handling the britt le super­
conductor, on the insulation and on 
the current lead connections to the 
windings. The test solenoid had many 
features in common w i th large super­
conduct ing magnets and the results 
are another step towards the appl ica­
t ion of n iobium-t in in magnets to give 
fields in the 8 T range. 

DARESBURY 
SRS takes shape 
Since 1975 a dedicated synchrotron 
radiation source (abbreviated SRS) has 
been under construct ion at the 

Daresbury Laboratory to replace the 
synchrotron radiation research 
facil i t ies wh ich ceased to be available 
when the 5 GeV electron synchrotron, 
NINA, was closed down in 1977 . 

A very active research programme 
had been built up using the by-product 
synchrotron radiation f rom NINA. At 
present, w i th no source existing in the 
UK, many of the previous users are 
scattered amongst the various syn­
chrotron radiation centres in Europe 
and the USA. Their return is expected 
in 1980 when the SRS wi l l come into 
operat ion as the first purpose-buil t 
high energy source entirely dedicated 
to synchrotron radiation use. 

The new 2 GeV electron storage ring 
is designed for an eventual stored 
beam current of 1 A, although initially 
only half the r.f. power wi l l be installed 
and the current wi l l be l imited to about 
one third of this. The radiation 
produced in the 1.2 T bending 
magnets wi l l have a characteristic 
wavelength of 3.9 A and the spectrum 
should be usable down to 1 A, so 
catering for ultraviolet, vacuum 
ultraviolet and soft x-ray physics. It is 
also planned to install two supercon­
duct ing 5 T wiggler magnets to extend 
the radiation into the hard x-ray region. 
One of these wigglers is now being 
built. 

The design of the storage ring was 
inf luenced very much by the require­
ments of the synchrotron radiation 
users. A FODO lattice al lows good ac­
cess to the radiation and wide angle 
beams can be extracted w i thou t 
obstruct ion. The r.f. frequency of 5 0 0 
MHz was selected to give very short 
electron bunches since there is great 
interest in using short bursts of radia­
t ion. 

The storage ring and its surrounding 
experimental area wi l l f i t nicely into the 
Inner Hall wh ich formerly contained 
the power supplies for the NINA r.f. 
and magnets. Construction work in the 
Inner Hall is wel l advanced and the 
project is on schedule for the start 
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of commissioning in Apri l 1980 . 
Prototypes of the r.f. cavity and all the 
magnets have been made and 
measured and all major components 
are now in the process of being 
manufactured. 

An important milestone was passed 
on 10 October when the injection ac­
celerators for the storage ring, a 1 5 
MeV electron linac wh ich feeds a 6 0 0 
MeV booster synchrotron, accelerated 
beam for the first t ime. This booster, 
completed during the summer, is a 
combined funct ion synchrotron w i t h a 
mean radius of 5 m. 

A feature of the booster is its clean, 
al l-metal vacuum system wh ich is 
necessary because it wi l l be connected 
directly to the sensitive vacuum 
system of the storage ring. In the 
magnet gaps, the vacuum chamber is 
made of thin stainless steel (0.25 mm) 
wh ich is convoluted, rather like a bel ­
lows, for strength. 

Accelerat ion takes place at 10 Hz 
— the maximum rate at wh ich the 
storage ring can accumulate at its in ­
ject ion energy. The cycling magnet ic 
f ield produces eddy currents in the 
metal l ic vacuum chamber but no 
problems have been experienced in ac­
celerating a beam. After the initial cap­
ture, the beam accelerates cleanly 
w i thou t loss. 

This photograph was taken at Stanford on 10 
October when tunnelling for the PEP electron-
positron storage ring was completed. 

A view of the booster synchrotron for the SRS 
showing the metallic vacuum chamber and the 
combined function magnets. The straight 
section in the right foreground contains a fast 
kicker for beam extraction. 

(Photo Daresbury) 

(Photo Joe Faust) 
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Physics monitor 

Grand unification 
There is the scent of a new grand 
synthesis in the air.' These were the 
words of Murray Gel l -Mann in his 
closing talk at the 1 9 7 4 Stanford Ac­
celerator Conference. Now, four years 
later, theories based on symmetry 
ideas have made further progress. 
Wi th quantum chromodynamics 
matur ing as a theory of inner hadronic 
interactions, and w i th the 'Weinberg-
Salam model ' almost ready for the text­
books as a unified picture of weak and 
electromagnetic interact ions, the 
scent of 1974 must have ripened into 
an all-pervading aroma ! 

In quantum chromodynamics 
(QCD), the key idea is that whi le inter-
quark forces are strong over relatively 
large regions of space-t ime (for exam­
ple over the extent of a single nucleon), 
they get weaker ' as the space-t ime 
region of the interact ion gets smaller. It 
is this variation in the strength of the 
inter-quark forces wh ich opens the 
door to further progress. 

It means that the forces at work 
when high energy leptons pierce 
through to the deep interior of hadrons 
are much simpler than had previously 
been thought possible. Tradit ionally, 
strong interactions had been attr ibuted 
w i th a cumbersome coupl ing strength 
which prevented any quanti tat ive 
progress. 

The new simpl ici ty al lows the 
techniques of perturbat ion theory to be 
used, quantum electrodynamics style, 
in new areas of physics and gives good 
predictions (see October issue, page 
335) . 

The variation in the strength of the 
inter-quark force also means that out 
at an extremely high energy, these 
components of the 's t rong' force may 
become comparable in strength to the 
electro-weak effects. Under such con­
dit ions, it is possible that there is some 
larger symmetry wh ich encompasses 
those of both the strong and electro-
weak worlds. 

. In the standard electro-weak theory, 
some of the available degrees of 
f reedom in the ideal symmetry picture 
are 'frozen out ' , so that part of the sym­
metry is destroyed. The symmetry is 
said to be 'spontaneously broken'. 
A l though vestiges of the full symmetry 
remain, the electromagnetic and weak 
interactions appear as different forces. 

In the same way, a larger symmetry 
describing both strong and electro-
weak effects could be spontaneously 
broken so that the strong and electro-
weak components split. As wel l as 
having the aesthetic appeal of achiev­
ing a grand unif ication of three ap­
parently highly different f ields of force, 
this idea also produces important 
quanti tat ive results which are unob­
tainable w i th separate theories of 
strong and electro-weak interactions. 

In the standard 'Weinberg-Salam' 
formulat ion of electro-weak interac­
t ions, there is one free parameter — a 
mixing angle. This describes how the 
intermediate boson held responsible 
for the neutral current of weak interac­
t ions appears in the theory, f ixing its 
mass and coupling strengths. 

This parameter also dictates how 
the famil iar description of e lect romag-
net ism is embedded in the larger 
theory of electro-weak interactions. 
This mixing angle is a free parameter 
wh ich normally can only be deter­
mined f rom experimental results. 

However the introduct ion of ad­
dit ional symmetry principles gives 
relationships between the coupling 
strengths of the component sym­
metries describing the individual 
forces, and al lows the mixing angle to 
be calculated. Al though there are a 
number of candidates for the overall 
grand symmetry, results f rom a 
number of calculations give acceptable 
values for the mixing angle. The fact 
that such a revolutionary idea gives 
results in broad agreement w i th ex­
per iment is certainly encouraging. 

The basic particles in the grand sym­
metry theory are the pointl ike quarks 

and leptons. Whi le having total ly dif­
ferent properties in the everyday 
strong and electro-weak domains, the 
grand symmetry brings these particles 
together into common mult iplets. 

If the symmetry were exact, the 
masses of the quarks and leptons 
wou ld be the same. However the sym­
metry breaking shifts the masses of the 
particles. Since the masses of the 
leptons are known accurately, the 
appl icat ion of ideas f rom the re-
normalizat ion group (see September 
issue, page 304) gives a handle on 
the spectrum of the quark masses. 

The calculations agree w i th the 
observed thresholds for the product ion 
of heavy quarks w i th charge - 1 / 3 , such 
as the strange quark and the new 
heavy quark responsible fo r the upsilon 
states. 

The calculations seem to work best 
if there are six, or at the most eight, 
quark f lavours. This is good news 
because six is the min imum number of 
quarks required to incorporate CP 
violat ion into the theory in a natural 
way, and also ties in w i th cosmological 
ideas on the permit ted number of dif­
ferent massless neutrinos. 

Any 'gauge' theory of a force field 
naturally produces vector (spin one, 
negative parity) bosons which mediate 
the force — photons for e lectromag-
net ism, intermediate bosons for the 
weak interactions and gluons for the 
inter-quark forces. So far, the photon is 
the only such particle whose existence 
cannot be doubted, and the immediate 
future of QCD and of the electro-weak 
theory rests on f inding evidence for 
their respective vector bosons. 

Introducing a grand gauge sym­
metry to unify all the other particle 
forces produces in turn its own force. 
This addit ional f ield wou ld have its 
own set of bosons bringing about in­
teract ions between the basic particles 
— the leptons and the quarks. 

Such a force would not differentiate 
between quarks and leptons and 
wou ld convert quarks to leptons and 
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vice versa. Such a transmutability of 
quarks would show itself as an in­
stability of hadrons, and the new force 
would apply equally to all hadrons, in­
cluding the otherwise stable proton. 
While conservation of baryon number 
is well-entrenched in our thinking, 
there is no fundamental principle 
which dictates that the proton must be 
absolutely stable. 

To ensure that the strong and 
electro-weak domains are well 
separated at currently available 
energies, their meeting point has to be 
at an extremely high energy. This 
implies that the bosons of the grand 
symmetry are very heavy, say in the 
range 10 1 4 - 10 1 6 GeV, and that the 
resulting force is very feeble. 

While such a 'hyperweak' force 
would be masked by other effects in 
the decays of most hadrons, the proton 
would still be unstable, although only 
just. Methods can be brought in to 
restore stability to the proton, but they 
tend to spoil the general appeal of the 
scheme. 

The history of modern physics is lit­
tered with attempts to unify the 
various fields of force. Some of the 
most heroic were those of Einstein and 
Weyl earlier this century, who did not 
have the benefit of our new insight into 
the possibility of electro-weak syn­
thesis. 

After the successes of the electro-
weak theory, the way was clear to at­
tack again the problem of grand uni­
fication. Most efforts centre on es­
tablishing a minimal overall symmetry 
which incorporates the different sym­
metries required for the strong and 
electro-weak worlds. Others propose 
different sets of particles, possibly 
even more fundamental than the 
quarks and leptons. 

According to some formulations of 
the unification scheme, new pheno­
mena are conceivable from a new 
generation of particle acceler­
ators. 

Whether present efforts are still 

premature, only time will tell. However 
in the words of Howard Georgi and 
Sheldon Glashow, among the first to 
reattempt this unification, our 
hypotheses might be wrong and our 
speculations idle, but the uniqueness 
and simplicity of the scheme are 
reasons enough for it to be taken 
seriously'. 

Hardware for the new Fermilab computer 
system being hoisted into place on the eighth 
floor of the Central Laboratory Building. The 
system consists of three powerful CDC CYBER 
175 computers with a full set of peripherals. 
Initial operation started in November with the 
full system capacity scheduled to become 
available in the Spring of 1979. 

(Photo Fermilab) 
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People and things 

Fermilab Director Designate 

On 24 October it was formally 
announced by Norman Ramsey 
(President of Universities Research 
Association Inc.) and John Deutch 
(Director of Energy Research, DOE) 
that Leon Lederman has been 
appointed next Director of the Fermi 
National Accelerator Laboratory. Leon 
Lederman's appointment has been an 
open secret for some months and he 
will take office full time as from 1 June 
1979 (because of previous 
commitments at Columbia University). 
In the meantime he will be involved in 
all major policy decisions at Fermilab in 
collaboration with the Acting Director, 
PhilLivdahl. 

Leon Lederman needs no intro­
duction to COURIER readers. He has a 
great reputation in experimental 
high energy physics with participation 
in the discoveries of non-conservation 
of parity, two neutrinos and the upsilon 

Bill Fowler 

to his credit. He is also an elegant and 
witty exponent of his subject. (As an 
example of this, try his 'unauthorized 
autobiography'in the October 1977 
issue, page 337). We wish him well in 
the challenging task of leading 
Fermilab in the years to come. 

On people 

As from 1 October, the Energy Doubler 
at Fermilab has moved from its R and D 
phase to its construction project 
phase. To build the superconducting 
magnets which will make 1000 GeV 
proton beams available from the 
Doubler, a new Energy Doubler 
Magnet Division' has been set up with 
Bill Fowler as Division Head and Dick 
Lundy as Deputy Head. Alvin 
Tollestrup is Associate Head in 
charge of the superconducting magnet 
development. Don Young has been 
appointed Deputy Head of the 
A c eel era tor Division. 

Following elections in the High Energy 
Discussion Group of the Brookhaven 
Users' Organization, the composition of 
the HEDG Executive Committee now 
reads: MichaelZeller - Yale 
(Chairman), Paul Grannis - Stony 
Brook, Mark Sakitt - Brookhaven, Al 
Mann - Pennsylvania, Myron Good-
Stony Brook, James Bensinger-
Brandeis,Alan Carroll - Brookhaven. 

R.R. Wilson, former Director of 
Fermilab, is to remain active in the 
Laboratory on a joint appointment with 
the University of Chicago where he 
holds the Peter B. Ritzma 
Professorship. Bob Wilson is liaison 
physicist' in the newly formed Energy 
Doubler Magnet Division. 

It was announced on 3 November that 
HaroldAgnew is to resign as Director 
of the Los A lam os S cien tific 
Laboratory as from 1 March 1979. 
Dr. Agnew has been Director of Los 
Alamos since 1970, succeeding Norris 
Bradbury and Robert Oppenheimer. 

Roy Billinge (right) and Colin Johnson of the 
Antiproton Accumulator (AA) Group at CERN 
look on as the prototype wide aperture 
quadrupole magnet for the AA ring is prepared 
for test measurements. This 14 ton monster is 
the largest aperture (80 x 30 cm) quadrupole at 
CERN and was built in the CERN workshops. 
After measurements on this prototype are 
completed, contracts will be placed for the 
manufacture of the 9 wide quadrupoles 
required for the AA ring. 

(Photo CERN 401.10.78) 
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Recent visits to CERN: 

3. 

Raymond Davis from Brookhaven has 
been awarded the 1979 American 
Chemical Society Award for Nuclear 
Applications of Chemistry. The award 
will be p res en ted next A pril at the ACS 
Meeting in Honolulu. It recognizes 
Raymond Davis' pioneering study of 
solar neutrinos using chemical 
techniques. (See October issue, 
page 351, for an account of solar 
neutrino work.) 

Tributes to Bernard Gregory 

Two brochures in honour of Bernard 
Gregory, who died at the end of last 
year, have been prepared. One, 

• 'Bernard Gregory 1919-1977' has 
been produced at CERN and contains 
the speeches given at the memorial 
gathering held on 27 February (see 
March issue, page 84). It contains 
tributes from Charles Peyrou, John 
Adams and Louis Leprince Ringuet. 

The brochure is available from Danielle 
Metral, Publications Group, CERN, 
1211 Geneva 23, Switzerland. 

The second brochure 'Hornmage a 
Bernard Gregory 'is being published by 
the E cole Poly technique and will be 
available from PatrickFleury, 
LPNHE, Ecole Polytechnique, 
91 128 Palaiseau, France. It contains 
the speeches given at the gathering on 
23 May by Pierre Aigrain, Andre Astier, 
Hubert Curien, Patrick Fleury, Andre 
Giraud, Louis Leprince Ringuet, Xavier 
de Nazelle, Jean Teiliac and lone! 
Solomon. 

Mobile monitoring 

A mobile medical unit for measuring 
the concentration of dangerous 
chemical elements in the body has 
been developed by Ken Ellis and David 
Vartsky of the Medical Department at 
Brookhaven, using a neutron absorp­
tion technique and gamma ray detec­
tors. 

As a typical example of the potential 
of the unit, they are wheeling it to a 
zinc smelting plant and cadmium 
refinery in Denver, Colorado, to ex­
amine industrial workers exposed to 
cadmium contamination. 

Cadmium is highly toxic. It con­
centrates particularly in the kidneys 
and liver and can cause high blood 
pressure and emphysema. It now has 
many industrial uses (rust inhibition, 
plating or galvanizing metal, battery 
production, light bulbs, paints and pig­
ments, solder...) and it is useful to be 
able to monitor concentrations of the 
element in the bodies of people work­
ing in these production plants. 

The Brookhaven facility uses a 
plutonium 238-beryllium source to 
provide a collimated beam of neutrons 
to irradiate the relevant parts of the 
body. The neutron flux is essentially 
constant in time and the concentration 
of cadmium can be estimated by the 
capture of neutrons by cadmium 
nuclei, which is accompanied by the 
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7. A scientific delegation from the Heopie s 
Republic of China on 16 October. 
2. The Swedish Research Council on 24 
October. 

3. The DESY Council on 25 October. 

(Photos CERN) 



emission of gamma rays. Gamma 
detectors are positioned close to the 
body. 

The technique probably can be ex­
tended to measure, for example, total 
body nitrogen and mercury concentra­
tions. 

Sp ortfests a t Fermilab 

The four mile circumference of the 
Fermilab main ring is a great challenge 
for active people because the ring road 
appears to be one of the largest 
circular tracks in the world. Hundreds 
of people circumnavigated the tunnel 
during the accelerator construction 
phase. Five years ago an annual canoe 
race around the ring cooling ponds 
was instituted. Joggers use the ring 
road as a track. In September a first 
biking outing was convened. Both the 
canoe and bicycle outings progress 
clockwise around the ring, in the same 
direction as the protons. 

Bill Re ay, a Fermilab user from Ohio 
State, set the bicycle endurance 
record. He completed twenty main ring 
laps in three and a half hours for an 
average speed of 23 miles per hour. 
His ride was cut short by rain. No single 
lap speed record exists but 
knowledgeable bikers suggest a possi­
ble lap time of eight minutes. 

The annual canoe race is as much a 
test of portage skill as paddling. 
Eighteen portages are needed to skirt 
the small retaining dams in the cooling 
ponds. This year, George Luste, a user 
from Toronto, and John Cumulat of 
Fermilab won the race with a time of 
forty-five minutes and nineteen 
seconds. There is some indication that 
teams containing Canadian members 
perform best. 

No formal records appear to exist for 
running times. A reasonably good 
runner can lap the ring in thirty minutes 
or less, or in other terms, beta = 
0.000000012. People regularly run 
two laps around the ring but no 
endurance mark has been established. 

1. BillReay setting the bicycle endurance 
record around the Fermilab ring. 

2. John Cumalat (left) and George Luste 
winning this year's round-the-ring canoe 
race. 

(Photos Fermilab) 
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LAIR LIQUIDE 

THE LEADING EUROPEAN MANUFACTURER 
OF CRYOGENIC EQUIPMENT 

Q 
divi/ion materiel cryog&nique 

5 7 , av C a n n o t . 9 4 5 C O C h a m p i g n y / M . F r a n c e 
Tel : S 8 0 . I I . II _ Telex: A L C H 2 3 Q B B 4 F 
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Time goes o n . . . 

. . . Our latest pump has in the 
meantime turned out to be our 
most successful product. 
PFEIFFER TURBO 100. 
The smallest turbo molecular 
pump in terms of price and size. 

More than 2,000 pumps are 
operating in institutes, labo­
ratories, schools and produc­
tion plants of all kinds. This is 
quite a respectable number 
for a pump designed to ge­
nerate high and ultrahigh 
vacuum. And for a new pump 
this is a smash hit which was 
scored in less than two years. 

PFEIFFER have the greatest 
experience in manufacturing 

and applying turbo molecular 
pumps. The findings of more 
than 20 years have been 
realized in the PFEIFFER 
TURBO 100: 

• The smallest lightweight 
turbo molecular pump 

• Low vibration and noise 
level 

• Easy to operate 
• Insensitive against air 

inrushes 
• Low-priced 
• Low operating costs 
• Dependable and 

unproblematic 
• Requiring little maintenance 
• Oil change possible 

without disassembly of the 
pump 

Volume flow rate for 
N 2 110 l/sec 
He 120 l/sec 
H 2 110 l/sec 
Ultimate pressure 10 1 1 mbar 

Connection flanges 
N.D.100 mm 
(Optionally available as ISO 
clamping flanges, or CF 
flanges for metal gaskets) 

Speed 43,000 rpm 

Speeding time 
Weight 

2 min 
6 kg 

The PFEIFFER TURBO line 
offers pumps having a 
volume flow rate from 110 to 
6,500 l/sec. 

BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers, Furstentum Liechtenstein 

ARTHUR PFEIFFER VAKUUMTECHNIK WETZLAR GMBH 
Postfach 1280 
D-6334 Asslar, BR-Deutschland 

Sales companies in: Great Britain, U.S.A. 
and other 24 countries. 

PM800030PE DN7175 

r, Please send us detailed information on the 
• PFEIFFER TURBO 100, and the 
• PFEIFFER TURBO line 

Name, First Name  

Company/Institution 

Street 

Postal number/Place 
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Producing ki logram 
samples is not the same as 
delivering commercia l 
quantit ies. That's why our 
new Airco Superconductor 
Manufactur ing Group is 
doing what our Central 
Research Labs used to do. 
Making more advanced 
superconductors than any 
other supplier. For Brook­
haven, Cern, Fermilab, 
Livermore, Los Alamos, 
M.I.T., Oak Ridge, Saclay 
and the U.S. Navy. 

We supply NbTi, NbsSn 
and \A3Ga superconductors. 
In monofi lament or multi­
f i lament wires, mixed-
matrix conductors or tapes. 
Conductors with any 
reasonable cross section 
or aspect ratio. In braids, 
cables, sheathed and 
reinforced systems. In 
multi tonne orders. 

And we develop new 
superconductor systems. 
Like forced-f low cooled 
sheathed cable for toroidal 
magnet ic conf inement sys­
tems. Or extended-surface 
cooled supercondutors for 
large mirror machines. Or 
high-purity aluminum-matrix 
superconductors used in 
l ight-weight and radiation-
transparent magnets. Now 
we're winding the magnets. 

We've written a new 
brochure to show you our 
manufactur ing capablity and 
prior exper ience. Call or 
write for a copy. 

Ask for Dr. Erik Adam. 
If he's not in, ask for Dr. Eric 
Gregory. Telephone (201) 
464-2400. Cable CRYO-
PLANTS MH. Or TWX us at 
710-984-7985. Airco Super­
conductor Manufacturing 
Group, 100 Mountain 
Avenue, Murray Hill, New 
Jersey 07974. U.S.A. 

Superconductor 
Manufactur ing 
Group 

Some people make 
Nb3Sn by the kilo. 

We make it 
by the tonne. 

file:///A3Ga


for u s e w i t h 
t h e PDP-11 

c o m p u t e r line 

2 0 5 0 

Good news for all PDP-11® users! Our 
new 2050 provides an efficient interface 
between the PDP-11 Unibus and CAMAC 
Dataway via the two CAMAC highways. 
It is available as a parallel highway driver, 
a serial highway driver, or a combination 
of the two. Operating modes utilize 
the CAMAC Dataway's use of Q re­
sponses for block transfers and the ability 
of Unibus devices to access memory di­
rectly via nonprocessor requests (NPR). 
Various serial highway conditioning 
(U-port) options are also available. 

®registered trademark of Digital Equipment 
Corporation 

FEATURES OF THE 2050 

resides in one PDP-11 system unit (BB11) 
controls up to seven parallel and/or 62 serial highway crates 
operates in bit or byte serial mode up to 5 MHz 
includes eight operating modes 

one programmed transfer - five DMA/block transfers - two special parallel 
highway functions 

complete serial system error analysis and recovery procedure derived by 
methods outlined in the ESONE/SD/02 recommendations 
twelve registers occupying 16 word addresses on the Unibus formatted for 
easy use 
four independently enabled interrupt vectors 
full 18-bit Unibus memory addressing 

A WEALTH OF APPLICATIONS 

distributed process control and data acquisition systems with the CAMAC 
serial highway 
local high-speed process control and data acquisition systems on the parallel 
highway 
distributed intelligence systems where the serial highway for host-to-remote 
or remote-to-host block transfer is under control of the host computer 
high-speed systems requiring minimum software overhead 

P l e a s e c o n t a c t u s f o r a d d i t i o n a l i n f o r m a t i o n 

Kinetic Systems International S.A. 
Dept . CC118 * 6 Chemin de Tavernay * 1218 Geneva, Sw i tze r land * T e l . (022) 9 8 4 4 4 5 * Telex 28 9 6 2 2 
Kinet icSystemS C o r p o r a t i o n * 11 Maryknoll Drive * Lockport, Illinois 60441 • Tel. 815 838 0005 * TWX 910 638 2831 

the 

[CAMAC 
people 
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UUA I ) AB Bates 

La meilleure amelioration jamais 
faitesurleNORD-10 

NORD-10 a suscite une assez grande surprise lors de son Cette amelioration est significative, mais nous considerons 
lancement:unordinateurdetaillemoyenneavecdesfacilites comme plus important encore le fait que tout le logiciel 
depassant souvent celles des grandes machines! developpe depuis 5 ans sur le NORD-10 est executable sur 
LenouveauNORD-10 /Sallieauxmeilleurescaractenstiques le NORD-10 /S avec les nouvelles performances, et ce, sans 
du NORD-10 des performances nettement supeneures. AUCUNE MODIFICATION. 
Grace a de nouveaux composants electroniques et un Si vous avez un projet mformatique, laissez nous la chance 
logiciel optimise, le NORD-10/S off re une capacite de d'expliquer comment et pourquoi. 
traitement presque doublee — au M E M E PRIX! 

••• ••••••• 

### ••••••• 
Norsk Data 

64, rte de Meyrin 
01210 F E R N E Y VOLTAIRE 

Tel. (50)41-65-41 

N O R D - une alternative a etudier 
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UN CHOIX JUDICIEUX D'ENREGISTREURS X-Y 

En f onc t l on de 1'uti l isation, en 
f o n c t i o n de vo t re budge t , cho is i ssez 
pa rm i les qua t re en reg i s t reu rs X-Y 
Phi l ips , qu i posseden t t ous des 
ca rac te r i s t i ques te l les q u e : 

• Haute p rec i s i on , b o n n e rep ro ­
d u c i b i l i t y , fa ib le der i ve et 
exce l l en te re jec t ion des tens ions 
paras i tes . 

• G r a n d e v i tesse d ' ec r i t u re , 
acce le ra t i on impo r tan te d e la 
p l ume et p ro tec t i on c o n t r e les 
su rcha rges . 

• F ixa t ion e lec t ros ta t i que du pap ie r 
et a l i gemen t rap ide par reperes 
lumineux . 

• F iab i l i te du sys teme d 'ec r i t u re 
qu i p rodu i t une t r a c e c la i re , 
net te et sans bavure m e m e aux 
fo r tes acce le ra t i ons . 

Un cho i x de sens ib i l i tes d 'en t rees 
et de deca lage de zero . 

La poss ib i l i t y d 'u t i l i ser un sys teme 
de de f i l emen t du pap ie r sur les 
mode les A4 . 

A u cho i x ou en op t ion des bases 
de t emps i nco rpo rees ou 
en f i chab les c o m m a n d e e s ou 
non a d is tance . 

Consu l tez les ca rac te r i s t i ques 
p r i nc ipa les de ces qua t re 
en reg is t reu rs X-Y c i - con t re et pour 
en savo i r p lus ecr ivez ou 
t e l ephonez a: 

Ph i l ips SA 
Dpt. S c i e n c e et Indust r ie 
1196 G land 
Te l . 0 2 2 - 6 4 21 21 

Enregistreur standard, 
format A4, type PM 8041 
9gammesde2mVa 1 V/cm. 
Possibilite d'utiliser un dispositifde defi­
lement de papier pour des mesures en X/t. 
Base de temps en option. 

Enregistreur universel, 
format A4, type PM 8141 
14 gammes de 50pVa1 V/cm decalage 
dezero jusqu'a - 400 %. 
Base de temps en option. 

Enregistreur mono trace, 
format A3, type PM 8131 
14gammes de50 fmVa 1/cm. 
Vitesse d'ecriture 75 cm/sec. 
Dec. zero + 105 M... - 405 %. 
Base de temps en option. 

Enregistreur double trace, 
X/ t Y 1 - Y 2, format A3, type P M 8132 
15gammes de 200fiValO V/cm 
base de temps incorporee. 

PHIL IPS 
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Research has 
a way of expanding. 

So do our new 
Series1400Helium 

Liquefiers and 
Refrigerators. 

The new CTI-CRYOGENICS Series 1400 to 100 watts. Major Series 1400 components 
Helium Liquefiers and Refrigeration Systems have been proven in over 125 field operating 
provide high reliability, ease of operation, and systems, so reliability is assured. For more 
flexibility in capacity. And with their modular expansive information on CTI-Cryogenics 
design you can start with a relatively simple Series 1400 Helium Liquefiers and Refrigera-
system and increase its capacity as your needs tioa Systems write or call CTI-Cryogenics, 
grow by adding components. Kelvin Park, Waltham, Massachusetts 02154 

Series 1400 Systems are available for (617) 890-9400. Telex 92-3442. 
helium liquefaction from 5 to 40 liters per C*~T\ f^RViTY^FMlf^ FELIX 
hour, or for closed-cycle refrigeration from 20 fe^VV^^y ^ 
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Breakthrough: 

These closed-loop cryopump modules are 
different f rom all others. They have: 

High conductance 
through an integrated, reliable swing valve; 

Superior efficiency 
f rom a proprietary cryoarray. 

Your choice of two models: 
VK-12A: general purpose cryopump, 

VK-12 B: specifically designed for 
sputtering and electron beam coating systems varian 

Varian's new 
VK-12 
Cryopumps 
These "clean" vacuum pumps offer many 
advantages. They are power efficient, low in 
maintenance and designed to meet the 
demands of ultrahigh vacuum and production 
environments. 

Ask for complete specifications. 
You will find a new standard of performance. 

Varian S.p.A. 
Via Fratelli Varian/1-10040 Leinl (Torino) 
Tel. (011) 99 68086 
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information iDewald Electronic 

Series 500 DIP 
sockets and 
Series 700 lead 
socket carrier 
assembly 
feature Augat's 
two-piece 
machined tape­
red entry contact 
assembly. 
Inner contact is gold 
Sleeves available in 
gold or tin plating. Avail­
able from 8 to 40 pins 
ex stock. 

Single Eurocards 
have 35 pat­
terns, double 
cards 85. 
Universal cards 
have conti­
nuous rows of 
contacts suita­

ble for 14 to 
40 pin IC's. 

Available ex stock. 

Teflon sockets for 
TO-5 outline. 6, 8, 

10 and 12 con­
tacts. Ultra low 
profile glass 
filled nylon 
transistor and 
IC sockets. 
3, 4, 8 and 
10 contacts. 

Available 
ex stock. 

DewaldAG International enquiries: 
Seestrasse 561,8038 Zurich Augat N.V., 103-Bus 4, Bd. A. Reyers, Brussels 1040, Belgium 

Telefon 01 /451300, Telex 52012 Telefon 0 2 / 7 3 6 9 3 9 9 , Telex 23834 

RICO-Gouttieres a cables 
Chemins de cables 

Elements fabriques en serie, disponibles 
de stock, prets a etre assembles selon le principe 
de la boite de construction, permettent 
des gains de temps importants dans 
I'etablissement des plans, dans les 
bureaux d'etudes, sur le chantier et a I'atelier. 

RIETH & Co. 
Fabrik fur Eisenkonstruktionen 
D-7312 Kirchheim-Teck 
Tel. (07021)45051 
Telex 07267881 

Max Banninger AG 
8050 Zurich 
Nansenstr. 1 
Tel. 1/46 36 42 

fifa M e t a r e g 

M O N T A G E INDUSTRIE!. 

INSTALLATION 

T R A N S F E R T 

ENTRETIEN 

LEVAGE 

A G E N C E : 
13, chemin du Levant 

01210 FERNEY-VOLTAIRE 

Tel. (50) 40 55 31 

Siege social : 
15, avenue Descartes 

9 2 3 5 0 LE PLESSIS-ROBINSON 
Tel. 6 3 0 2 2 3 8 - Telex 2 5 0 9 4 9 plrob 
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AUGAT 
leader in IC 
packaging 

All these 
products are 

manufactured 
in Switzerland 



L E D E R O U L E U R D E B A N D E S M A G N E T I Q U E S O E M 
R E P O N D A N T A U X P L U S G R A N D E S E X I G E N C E S 

E S T E N F I N A R R I V E 

1600 bpi 

6 2 5 0 b p i 
STC 1900 Magnetic Tape 
Subsystem 

Derouleur 
Enregistrement PE/GCR 
Vitesse 75 IPS 
Vitesse de transfer 120/470 KB 

Controleur 
1 a 4 derouleurs avec connexion radiale possible 

Installation possible dans un Rackde 1 9 " 
Interface PDP 11 

BDV Computer Products SA 
Guterstra sse 82 
4 0 0 2 Bale 
061 22 8 0 0 7 

Distributeur General 
pour la Suisse 
et le Liechtenstein 

B D V 
computer products 

tad 



FOR PARTICLES PHYSICS 
AN IMPROVED RESOLUTION 
OF LEAD GLASS CERENKOV 

GAMMA DETECTORS WITH THE 
NEW SOVIREL "CEREN" GLASSES 

• from 17 to 43 mm radiation length • high performance / cost ratio 
• transmission optimized • reliable service worldwide 

For Information please call: 

S O V I R E L 
CORNING group 

For Europe: Sovirel Departement Optique For the U.S A : Corning Glass Works 
90, rue Baudin - 92306 Levallois-Perret - France Optical Materials - P.O.B. 2000 
Tel.: 739.96.40 - Telex: 620014 SOVIVER LVALL CORNING N.Y. 14830/Phone: (607) 974.7611 

For high-field magnets in excess of 10T 

VACRYFLUXNS 
monol i th ic superconductors and 
fully t ransposed flat cables wi th 
10,000 - 70,000 N b 3 S n f i laments 
(3 jum diameter) successfully tes ted 
in laboratory magnets 

in tegrated copper stabil ization 
wi th Ta-diffusion barriers 
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Vacuum Components 
and Tubing Products 
Vacuum Couplings 
VCO®, VCR® and ULTRA-TORR® 
Couplings meet a full range of 
application needs from low to 
ultra-high vacuum, with or without 
bakeout capability, in sizes from 
1/16" through 1 " . 

Butt Weld Fittings 
Lightweight, high conductance 
connections are available in crosses, 
tees, caps, elbows and 180° bends in 
sizes from 1/4" through 3/4". 

Vacuum Flanges 
Miniature and full sized models 
provide single seal reliability from 
ultra-high vacuum to 2500 psig in 
systems using tubing up to 1-1/2" O. D. 

Tubing 
Flexible stainless steel tubing, flexible 
glass-end tubing and glass/metal 
transition tubes are available in a 
wide range of diameters and lengths 
for vacuum or pressurized systems. 

All CAJON Vacuum Produkts are immediately available 
from local distributor stocks 

IA K0NTR0N AG 
ABTEILUNG PRAZISIONSARMATUREN 

CH-8048 Zurich • Bernerstrasse-Stid 169 -13* 0162 92 62 
D-8057 Eching b. Miinchen • Oskar-v.-Miller-Str. 1 • « (0 8165) 7 72 88 
A-1140 Wien • Ameisgasse 49 • ® 94 56 46 

Out i l l age de secur i te pour 
t r a v a u x a des insta l la t ions 
d e basse t e n s i o n . 
A p p r o u v e par I ' A S E . 

S E C U R I T E 

S i c h e r h e i t s - W e r k z e u g e fur 

^ I C H E R H E I T A r b e i t e n in IMieder 
s p a n n u n g s a n l a g e n . 
S E V g e p r u f t . 

Ch. de Montelly 46 
• U T I L L R E E 
W E R K Z E U G E 

1000 Lausanne 20 - " I S jqnard 
0 (021) 257121 

LHU5RNNE 
Telex: 25926 

Debitmetres 
GEC-Elliott Rotameter Works, Croydon 

Appareils calibres et 
non calibres 
pour liquides et gaz 

livrables ex stock Zurich 

Heraeus 
Verres de silice 

type 1100 

lentilles, miroirs 
regards, hublots 
plaques, prismes 
tiges, tubes 

Triple prisme en qualite SUPRASIL isotrope et 
homogene, depose sur la lune sous forme de 
reflecteur retro-directeur dans le cadre du 
programme Apollo. 

Demandez la documentation aupres de 

vorm. WISMER AG 

Oerlikonerstrasse 88 
tel. 01/464040 
8057 Zurich 
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Hello again from DAN FYS IK! 

To all Photomultiplier and 
Multiwire proportional Chamber Users 

Jus t a r em inde r abou t t h e M u l t i c h a n n e l H igh V o l t a g e and Con t ro l S y s t e m s 

ava i lab le f r o m DANFYSIK . 

W h a t e v e r t h e n u m b e r o f channe l s w e have a un i t or s y s t e m t o m e e t y o u r r equ i r emen ts . 

MODEL 1130 
MODEL 140 
MODEL141 

MODEL 150 

4 channel - NIM unit - 3 or 6 kV.* 

32 channel - 177 mm x 500 mm rack unit - 3 or 6 kV. 

Computer/CAMAC interface with possibility to control 
up to 24 model 140's. 

Recommended for 700 channels and up - basic system 
block 720 channel in 2 m x 0.5 m rack,2, 3, or 6 kV. 
All units available with positive or negative voltage. 

For m o r e i n f o r m a t i o n c o n t a c t : Danfys ik A / S , Jy l l i nge , D K - 4 0 0 0 Rosk i lde D E N M A R K 

T e l e p h o n e : 0 3 - 3 8 8 1 5 0 - T e l e x : 4 3 1 3 6 

or one o f our r ep resen ta t i ves : 

PEABODYSCIENTIFIC, P.O. Box2009, Peabody, Massachusetts01960, USA, Tel: (617) 5 3 5 0 4 4 4 . 

CRYOPHYSICS SA, 3, Rue Antoine Coypel, F-78000 Versailles, France, Tel: 9 5 0 6 5 7 8 . 

DAIIMI SEIKOSHA CO. LTD., 31-1 Kameido, 6-chome, Koto-ku, Tokyo, Japan, Tel: 6 8 2 1 1 1 1 . 

SILEIMA, Via Negroli, 10/A, Milano, Italy, Tel: 7 4 9 0 5 6 5 . 

For CERIM, United Kingdom, West Germany and Scandinavia contact, DANFYSIK A/S direct. 

"The N1130 is manufactured under licence by Wenzel Elektronik, Munich, West Germany. 

DANFYSIK 
JYLLINGE • DENMARK 
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CAMAC 5 0 OHM 

Fischer electric connectors, 50 Ohm, for Camac serie 
101 A004 (homologated by CERN-Geneva). These 
connectors show the same characterist ics than all 
the well known FISCHER-Connectors with self locking. 

W „ W „ PDSCHER 
I N G E N I E U R - M O R G E S 

Pat. pend. 
Telephone (021) 77 3711 
T(§lex: 24 259 f isch - ch C H - 1 1 4 3 App les 

Defectuosite du roulement 
a billes? 

Surve i l lance c o n t i n u e du r o u l e m e n t a biUes avec 
le s y s t e m e S P M 3 2 qui a c c e n t u e la sure te en v u e 
d 'une defa i l lance de I ' e q u i p e m e n t ou d 'une 
per turba t ion i n a t t e n d u e de la m a r c h e du t rava i l . 

N o u s v o u s d o n n o n s v o l o n t i e r s d e p lus 
a m p l e s r e n s e i g n e m e n t s : 

Roth + Co. A G 
9244Niederuzwil SG 
Tel. 073 -51 68 68 

Herstel ler: SPM Instrument AB, Stranqnas, Sweden 

s p m 
Instrument 

4 1 7 

°>y - ^ «•** \ \ >*• J'^ 



•NET 
Un groupe de niveau europeen 
dans 
la prestation de services 
Nettoyage industriel 
Nettoyage d'ateliers, bureaux, laboratoires, cliniques 
Hygiene, disinfection, desinsectisation, deratisation 
Manutehtions 

Office nouveau du nettoyage ONET 
13008-MARSEILLE 
75-PARIS 
GENEVE 
74-ANNECY 
01-SAINT-GENIS 

12 bis, boulevard Pebre 
4 et 6, rue du Buisson - Saint-Louis - Xe 

55/57, rue Prevost-Martin 
6, avenue de Mandallaz 
Route de Gex - zi BP 25 

tel. (91) 762850 
tel. (1) 607 9484 
tel. (022) 20 6848 
tel. (50) 514641 
tel. (50) 41 91 33 

Fournisseur du CERN a Geneve, du CEA a Marcoule, Pierrelatte, Cadarache, 
La Hague, de I'ONU et de I'UIT a Geneve. 

1 • NIM signal 1 
• 10 inputs 
• 6 outputs 
• CAMAC 

programming 

0 • Differential 
ECL signal 

• 10 inputs 
• 6 outputs 
• CAMAC 

programming 

3 • Two independent 
logic units 

• NIM signal 
• 4 inputs 
• 4 outputs 
• Manually 

programmable 

Common features of the modules: 
Outputs independently programmable. 
Three operation modes: 
overlap, strobed, strobed+shaped. 
Propagation time independent from 
the chosen logical combinations. 

4 1 8 

/ 



ULTRASONIC CLEANING EQUIPMENT 
Compact units 
Proven, top-quality products, of the 
most advanced design, at affordable 
prices. 

Clean air is more important than ever! 
VITAR-200 for use in bedrooms, living rooms and offices 

VITAR-200 cleans the surrounding air Price " Fr 278 
(within an area of up to 4 metres) of very 
fine suspended particles of dust, which 
may enter the lungs (for example from 
heating units, cars, industrial plant etc.). 
— Completely silent and draught-free (no 

fans) 
— Weight : only 900 g 
— 2 2 0 V; SEV-tested. 
In addition, the VITAR-200 produces 
negative ions, which are conducive to 
good health. 

M. SCHERRER AG, CH-9500 WIL/SG 
Gallusstrasse 41 (Switzerland) Phone (073)223476 

GYROLOK 
Flareless 

Tube Fittings 
A V A I L A B L E 

• in brass, 3 1 6 S S , 
s tee l , m o n e l and 
a l u m i n i u m 

• in sizes f r o m 
1 / 1 6 " t o 1 " 0 D / 
3 m m t o 16 m m 

• fo r h igh v a c u u m 
pressure — t e m p e r a t u r e 
c r yogen i cs 

Also available in CERN 
central store 

K e m i 

HOKE 

MATKEMI AG 
4106 Therwil 
Erlenstrasse 27 
Tel 061/73 48 22 
Telex 62 440 

Exclusive distributor for Switzerland 

Produits pour la technique reacteurs 

Not re p r o g r a m m e de v e n t e 
c o m p r e n d : 

• Appare i l s de laborato i re 
Creuse ts , capsu les et e l ec t rodes eci 
p la t i ne , r h o d i u m , i r i d i u m , or et a rgen t 
Fours de labora to i re j usqu 'a 1 7 7 5 ° C 
Appa re i l s de d i f fus ion pour la 
f a b r i c a t i o n d ' h y d r o g e n e u l t rapur 

• Ter res rares 
M e t a u x , oxydes , sels, Ce, Dy, Er, Eu, 
G d , Ho , La, Lu , N d , Pr, Sc, S m , T m , Tb , 
Y, Yb 

• S e m i s e n p la t ine , p a l l a d i u m , 
r h o d i u m , i r i d i u m , t a n t a l e , n i o b i u m , 
t u n g s t e n e , m o l y b d e n e 
en f i l , b a g u e t t e , a n n e a u , feu i l l a rd 
t h e r m o c o u p l e s , t h e r m o c o u p l e s 
c r y o g e n i q u e s ainsi que 
t h e r m o c o u p l e s a ga ine me ta l l i que 

• M 1 0 0 0 
Mate r i e l de hau te dens i te pou r la 
p r o t e c t i o n an t i r ayons 

• Produi ts pour usines c h i m i q u e s 
Cata lyseurs sur base de p la t ine , 
p a l l a d i u m et a rgen t 
D isques de rup tu re , suppo r t s et 
s u p p o r t s a v ide 

• Produi ts c h i m i q u e s 
Produ i t s SPECPURE® et 
PURATRONIC® de t res hau te pu re te 
p o u r le l abora to i re e t I 'analyse 

• Brasures a I 'argent et soudures 
spec ia les p a l l a d i u m , or, d e c a p a n t s , 
« Brazepaste » 

JOHNSON MA TTHEY & 
BRANDENBERGER AG 
Gla t ta l s t rasse 18 
8 0 5 2 Zur i ch 
T e l e p h o n e 0 1 / 5 1 4 4 8 8 
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0.2 to 28 
litres 
capacity. 

— Frequency 
35 kHz 

— Simple 
to operate 

— High wattage per 
litre capacity 

— Stainless steel tank coated 
internally to withstand 
cavitational damage 

Thoroughly cleans: 
oil filters, strainers, heald shafts, nozzles, 
instruments, relays, counters, precision 
engineering components, polished items. 



Proprietes multiples 
dans un seul condensateur: PEH139, 

le nouveau type pour appareils d'alimentation 
a impulsions 

Rifa lance une nouvelle reali­
sation remarquable: 
le condensateur 
electrolytique PEH 139 
aux nombreux avantag 
caracteristiques: 
Tous raccordements 
grandes resistance 
mecanique des contacts? 
Liaison mecanique directe 
entre la feuille negative 
et le boTtier d aluminium, 
Les bobines plus grandes a deux paires 
de raccordements ameliorent le compartement 
a la haute frequence et diminuent 
la resistance en serie (ESR). • • i 

D. LeitgebAG 
8600 Dubendorf, Ueberlandstr. 199 

Tel. 01/820 1 545,Telex 55 547 

Analyseurs de IMOx 
pour I'analyse en cont inu et simultanee de NO, 
N 0 2 et NOx dans I'air ou lors de processus ch imi ­
ques. 

Type NA510 
Etendue 0-5 ppm 

Type NA520 
Etendue 0 - 2 0 0 0 ppm 

| # Pompe incorporee 
Sortie pour enregistreur sur chaque canal 

| # Indicateur incorpore 
I Demandez notre documentat ion detail lee. 

fflEsucn 
Mesure et regulation - Tel. 055 /3826 51 

CH-8633 Wolfhausen - Telex 75 451 

resulte de ces parti-
cularites de construction 

une capacite de 
charge elevee par 
courant alternatif, 

une bonne stability 
rolongee des valeurs 

Ipctriques, une grande 
durability des dimen­

sions reduites, etc. 
Ce nouveau condensateur qui 

depasse ce qu exigent les normes 
IEC103 et DIN 41247 pour le 

grade 1 est livrable dans la portee 
de capacite de 220 \ i f a 47000 jiF 

et pour les tensions de 10 a 100 V. 

Leitgeb KG 
A-9800 Spittal/Drau, Lagerstr. 51 
Tel. 04762/4022, Telex 48191 

(A Friedrichsfeld 
m 1 Friedrichsfeld | 

FRIALIT DEGUSSIT 

Products of Oxide Ceramics for 
engineering and the chemical industries 

Our fabrication range includes tubes and 
multi-bore tubes, laboratory utensils, dies, 
guides, balls, seal rings and bearings, etc., to­
gether with an extensive programme of fine 
grinding tools. 

Degussa (Schweiz) AG 
Postfach2050 • 8040 Zurich 

Te!efon01-543900 • Telex 57946 
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N I M 

The NE 4694 is a s imple inexpensive 1024-channel 
analyser, w i th bui l t - in A D C , des igned for mon i to r ing 
signals in large dedicated nuclear e lectronic systems. It is 
also ideally sui ted for teaching and other appl icat ions 
requir ing s imple facil i t ies. 
Spect rum display is readily obta ined w i th the NE 4699 
Display or w i th most osci l loscopes and recorders. 

Features' 
In-built A D C , 80MHz 1024-channel 

memory with 
subgrouping 

Unipolar or Bipolar 
0-10 V input 
Gated charge 
sensitive input option 
Channel capacity: 10 5-1 
Channel content on 
LED display 
Channel selection 
markers set by 
digiswitch 
X, Y, and Z outputs 
for display oscilloscope 

ime4694 
a 1024-channel 
analyser in 
3 NIM widths 
Anci l lary N IMS available: 

NE 4699 Display, NE 4698 Integrator, 
NE4624 Clock, NE 4601 + NE 4626 Bin, 
NE4655 Low Voltage. 

Request full details and new N IM 
Catalogue from: 

NUCLEAR 
ENTERPRISES 

Subgroup selection: 
1024,512,256 

Compatible 
Integration Module 
available 

Analyser or 
Multiscaler operation 

Parallel or serial data 
output 

S.A. 
25 Chemin Frangois-Lehmann, |fTTf|| 
1218 Grand Saconnex, Geneve. Ilaulll 
Tel. [022] 9816 61 /62 Telex 289066. 
Associate Companies 
Nuclear Enterprises Ltd., Sighthil l, 
Edinburgh EH11 4EY, Scotland.Tel. 031-4434060 
Telex 72333 Cables Nuclear, Edinburgh 
Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 
8 Munchen 2. Germany. Tel. 53-62-23Telex 529938 
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Precision 
Power Supplies 
Stabi l i ty up t o 1 0 " 6 ; up t o 3 0 0 k W ; up t o 3 0 0 kV 

for all applications 

Magnets Microwave tubes 

Superconductors Capacitor charging 

Beam deflection Multipliers 

Uliaisi 
Control and Measuring Techniques 
Happinger Strasse 71 
8200 Rosenheim 
Tel. 08031 - 66397/661 16 
Telex 0525777 hemes d 

...or more down to earth 
Nickel foil from Goodfellow Metals has been used 

in the satellite illustrated as an electrostatic screen 
to protect critical parts of the camera electronics from 
electrical interference.This joint NASA, ESA, SRC 
International Ultraviolet Explorer satellite was 
launched in 1978. This is just one example 
of the wide variety of applications for our 
FOILS, WIRES, RODS, POWDERS, and TUBES. 
Our range starts at 0.0001mm. 

Ask for our new catalogue-a mine of information 
on metals for research. Every item listed is available for 
immediate despatch anywhere in the world. 

Goodfellow Metals Ltd. Cambridge Science Park 
Milton Road Cambridge CB44DJ England 

Telephone Cambridge (0223) 69671 

8i68?£odn,iG|fl GOODFELLOW 
i l l METALS 

for research and industry 

Thin-wall elliptical stainless steel vacuum vessels for the booster 
synchrotron of the new Synchrotron Radiation Source (SRS) at the Daresbury 

Laboratory of the Science Research Council 

BELLOWS EXPANSION JOINTS 
VACUUM VESSELS 
TOKAMAKS 
BEAM TUBES 
THIN-WALL FABRICATIONS 
METAL SEALS 
FLEXIBLE METALLIC HOSE 
TRANSFER LINES 
COUPLINGS 

AVI [A 
GROUPOF COMPANIES 

Avica Equipment Ltd.. 
Mark Road, Hemel Hempstead, 
Hertfordshire. HP2 7DQ 
Telephone : Hemel Hempstead 64711 
Telex: 82256 

Avica International 
BP147 Principaute de Monaco 
Telephone: (93) 30-09-39 
Telex: 469 771 MC 
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for science and industry 
Pyrobloc® grids 

+ Hypervapotron® anode cooling 
= superior high - power tubes 

Combining THOMSON-CSF's advanced Pyrobloc 
pyrolytic-graphite grids and the Hypervapotron advanced 
anode - cooling system, these tetrodes and triodes yield 
superior performance as oscillators or amplifiers, with 
unsurpassed overload safety, in many different scientific and 
industrial applications. 
One example, the TH 556: up to 900 kW CW at 30 MHz, 
for dielectric-loss heating. 

THOMSON-CSF 
DIVIS ION TUBES E L E C T R O N I Q U E S / 38 , R U E VAUTHIER / 92100 B O U L O G N E - B I L L A N C O U R T / F R A N C E / T E L : (1) 604.81.75 

Germany - THOMSON-CSF Elektronenrohren GmbH / Leerbachstr. 58 / 6000 FRANKFURT am MAIN.1 / Tel. : (0611) 71.72.81 
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71 /1 - 00136 ROMA^ Tel. : (6) 638.14.58 

Japan - THOMSON-CSF JAPAN K.K. / TBR Building / Kojimachi 5-7 / Chiyoda-Ku / TOKYO / T 102 / Tel. : (03) 264.63.41 
Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9 / Tel. : (1) 226.76.09 
Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 225.815 

United Kingdom -THOMSON-CSF Components and Materials Ltd. / Ringway House / Bell Road / BASINGSTOKE RG24 OQG / Tel.: (0256) 29.155 / Telex: 858865 
U.S.A. - THOMSON-CSF Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel. : (201) 779.10.04 m 
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G R E N A I L L A G E 
ElMTREPRfSE GEIMERALE DE D E C A P A G E 

ET DE P E I N T U R E I N D U S T R I E L L E 
R E V E T E M E N T S S P E C I A U X 

M E T A L L I S A T I O N 

PERSONNEL QUALIFIE 

MATERIEL SPECIALISE 

Siege: BP 647 

5 7 0 1 1 METZ(CEDEX) 
, 6, RUE DE MERIC 

TEL (87) 30.37.64 + 
N. LOUIS etses Fils 

S.A. au Capital de 3 0 0 0 0 0 0 F 

' P.D.G.:Marc LOUIS 

Tres grosses references en 

OFFSHORE INSTALLATIONS PORTUAIRES 
TERMINAUX, PIPE-LINES - GAZODUCS, 

RAFFINAGE, PETROCHIMIE 

Specialiste des revetements speciaux 
Connaissance parfaite des produits de toutes marques 

Service Etudes parfaitement rode 

GROSSES REFERENCES EN 

FRANCE ET A L'ETRANGER 

R.C. Metz 58 B 2 2 6 
Telex 8 6 0 2 8 0 Antiroui 

13741 VITROLLES 
Zone industrielle 
1ere Rue - N° 18 
Tel. (42) 89.06.75 
R.C. Salon-de-Provence 
68 B 30 
Telex 4 2 0 3 0 9 
BP. N° 8 - 13741 VITROLLES 

57190 FLORANGE 
Z.I.L 
43 , Route de I'Etoile 
B.P. N° 38 
Tel. (87) 58.18.62 
5 7 1 9 0 FLORANGE 

Agences 

59640 PETITE-SYNTHE 
pres Dunkerque Z.I. 
Av. de la Gironde 
Tel. (20) 66.28.20 
R.C. Dunkerque 68 B 20 
Telex 8 2 0 9 4 4 
B.P. N° 38 
5 9 6 4 0 PETITE-SYNTHE 

44480 DONGES 
pres St.-Nazaire 
Tel. (40) 45.71.52 
R.C. St.-Nazaire 65 B 17 
B.P. N° 13 
4 4 4 8 0 DONGES 

78520 LIMAY 
Z.I. Limay 
Porcheville 
8A, rue Fernand-Forest 
Tel. 477.45 .84 
Telex 691749 
R.C. Pontoise 73 B 607 

Dri l ls: 

# sheet metal up to 1.5 m m ± 
# th in-wal led piping 
0 car body sheet 
# plastic sheet and tubing 

For install ing signall ing devices, assembling instrument 
panels, automatic instal lat ions, f i t t ing aerials, laying 
pipes and cables. For reaming out existing holes. For 
deburring. 
Indispensable for equipment assembly 

Swiss and foreign patents 

TIPSWITOOL" 
Altkircherstrasse 3 0 
P.O. Box - 4 0 2 7 BALE/Swi t ze r l and Te l . 0 6 1 / 3 9 6 5 0 0 

Specialiste des composants 
pour le VIDE et I'ULTRAVIDE 
bases sur les soudures verre-metal 

v e r e l e c 
vous propose 

denude* 
I n 0 t t e 1 

PASSAGES BASSE TENSION 
connecteurs JAEGER 1,5 KV/5A 
hublots 
d'observation 
passages de 
thermocouples 
raccords 
tubulaires 

NIVEAU ZERO 
STANDARD 
AMAGNETIQUES 

passages de 
courant 

RIGIDES 

SOUPLES 

verelec 
9 1 , av. de Villeneuve-Saint-Georges - 94600 Choisy-le-Roi {Fra 

En outre, notre activite ne se limite pas au 
materiel presente ici.une equipe de techni -
ciens se tient a votre entiere disposition 
pour etudier toute realisation sur plan ou 
toute modification du materiel standard. 

The latest techniches are used. 
Also we guarantee a perfect /tightness. 
All our produttion is tested with helium. 
In addition our activity is not limited to the 
material presented here, a team of techni­
cians is at your entire disposal for studying 
any work from drawing or any modification 
of standard equipment. 

. te l . 890 89.90 
et 890 92.17 
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• Full transient recorder operation 
• Feedback system control 
• Simultaneous sampling 
• Continuous Scan or Sweep and Log Modes 
• Expandable memory 
• Standard CAMAC interfacing 

channels of 
fast data-logging 

LeCroy's new Model 8212 is ideal for the acquisition of process control signals, 
thermocouple and strain gauge parameters, vibration and shock analysis data, and 
high power switching phenomena. 

12-bit dynamic range covers extremes of data variations, and simultaneous 
sampling allows easy correlation of the 32 inputs. The speed of the device (5-40 KHz) 
and differential coupling confront the most demanding situations with ease, at a low 
cost. 

The 8212 automatically feeds its data to one or more LeCroy Model 8800/12 
Memory Modules without tieing up the CAMAC Dataway. Or it can be used alone 
under normal Dataway readout control. The unit can be programmed for use with 
fewer than 32 input channels, in which case the memory size per channel is 
correspondingly increased. 

Packaged in the international CAMAC standard (IEEE #583), the 8212 and 
associated memory modules can be read out and controlled by almost any computer 
or GPIB device via standard, commercially available interfaces. 

Complete information can be obtained by calling or writing LeCroy/California or 
your nearest LeCroy sales office. 

LeCroy 
C A L I F O R N I A ^ 

LeCroy Research Systems of California, Inc. 
1806 Embarcadero Road; Palo Alto, CA. 94303 
Phone: (415) 328-3750 TWX: 910-373-1791 

C A L I F O R N I A -

Offices in: Spring Valley, New York; Geneva, Switzerland; Heidelberg, W. Germany; 
Paris, France; Wheatley, Oxford, England. 

4 2 5 

The new 1802 Dataway Display 
- a universal Camac diagnostic instrument 
with a design based on many years of experience 
• Displays latest dataway signal pattern 

and stores it in the instrument's memories for subsequent read-back 

• In the Monitor Mode 
data are strobed in without the module being specifically addressed 

• Comparative display of Read and Write Data 
i. e. when data are written to another module in the crate and then 
read back again, both bit patterns can be seen side-by-side simultaneously 
on the 1802 

• Provides sync outputs for oscilloscopes 
The strobes S1 and S2 as well as the Busy signal are displayed briefly 
while the true signals are brought out to front-panel pins for use as triggers 

• In the On-line Mode 
the module only responds when specifically addressed 

• NAF Patterns can be simulated 
as each bit in the status register can be set from the write lines 

• LAM can be produced 
manually or electrically or by software command 

• The Price is very competitive 
its even as low as many simpler units 

4500 SOLOTHU§Y * y&WITZE 
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RF AMPLIFIERS for high energy physics ...by ENI 

In standard or modif ied fo rm ENI amplif iers are used 
for many applications in the f ield of high energy 
physics. From routine laboratory applications where 
higher power is needed for linear or pulse application 
to their use as a drive source for accelerator tubes 
ENI amplif iers have become recognised for their 
performance and reliability. 

Total frequency spectrum extends f rom 10 KHz to 
1000 MHz w i th power output capabil i ty up to 5 0 0 0 
wat ts . 

Model A 3 0 0 i l lustrated offers 3 0 0 wat ts linear (500 
wat ts pulse) and covers the range 0.3 to 35 MHz. 

For more data contact your local Representative or direct to ENI. 

SYSTEMS, LTD. 
3000 VVINTON ROAD SOUTH 

ROCHESTER, NEW YORK 14623 
Tel.: 716-473-7330; Telex 97-8283 ENI ROC 

23 OLD PARK ROAD, HITCHIN, HERTFORDSHIRE 
SG5 2JS ENGLAND 

Tel.: (0462) 5171 1; Telex: 825153 ENI UK G 

W E S C A M A C T E A M 
KARL WEHRMANN SPALDINGSTR. 74 2000 HAMBURG 1 TEL 040 /2415 11 TLX 2 1 6 3 0 4 3 

C A M A C - C R A T E S 2 0 0 - 5 0 0 W 

• CERN COMPATIBLE, PLUGABLE 
POWER BOX 

• PLUGABLE FAN UNIT 

• DISPLAY SHOWS: STATUS, FAN 
FAILURE, OVERLOAD, OVERHEAT 

• CURRENT/VOLTAGE DISPLAY 

• SHORT CIRCUITPROTECTION 

• COMPUTER MONITORING PLUG 

• THREE 500 W-VERSIONS 

• NOW WITH CERN APPROVAL 

For detailed technical and price information please contact WES: 

WES-CAM AC-TEAM 
represented in Switzerland by 

CANBERRA-STOLZ AG Bellikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070 
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E L E C T F O N I Q U E 

THE SEN RED LINE 
FD 253 
8 c h . 1 0 0 M H z updat ing d iscr iminator 
and delay uni t ; 
compu te r control led threshold, w i d t h 
and I/O delay via a rear m o u n t e d 
S A T A N : SEN serial t ransmiss ion 
s y s t e m mic roprocessor unit. 
BNC input and 2 M E C L ou tpu t s per 
channel 

FD 254 
8 c h . 1 0 0 M H z updat ing d iscr iminator 
c o m m o n th resho ld 
t h r e s h o l d : - 5 m V t o - 1 V 
w i d t h : ^ 5 ns to 45 ns 
fas t ve to 
3 N I M ou tpu ts per channel 

FD 255 
16 ch. 100MHz updat ing discr iminator 
c o m m o n th resho ld for 8 ch . 
t h r e s h o l d : - 5 m V t o - 1 V 
w i d t h : ^ 5 ns to 45 ns 
fas t ve to 
1 doub le cur rent N I M ou tpu t per 
channel 

FD 256 
8 c h . 1 0 0 M H z updat ing d iscr iminator 
separate th resho ld 
t h r e s h o l d : - 5 m V t o - 1 V 
w i d t h : ^ 5 ns to 45 ns 
fas t ve to 

3 N I M ou tpu ts per channel 

LU 278 

32 ch . logic unit 
O R / A N D gate major i ty 
1, 2, 3, 4 ch . f i red ou tpu t s and c o m ­
p lementa ry ou tpu ts 
analogue major i ty ou tpu t 

LU 274 
16 ch . logic unit 
O R / A N D gate major i ty 
1, 2, 3, 4 ch . f i red ou tpu ts and c o m ­
p lemen ta ry ou tpu ts 
analogue major i ty ou tpu t 

D U 290 
delay unit 2,5 ns to 66 ns 
adjustable in s teps of 0.5, 1.0, 2.0, 
4 .0 , 8.0, 16.0 and 32.0 ns 

T U 277 
2 ch . t im ing unit 
w i d t h : 50 ns to 10 s retr iggerable 
end marker ou tpu t 
l oca l / remote s ta r t / s top 
N I M i npu t / ou tpu t s 

HV 6500 
6K - 500 fiA h igh vo l tage p o w e r 
supp ly especia l ly des igned for mu l t i -
w i r e and dr i f t chambers 
- dark cur ren t and burst cur rent 

cont ro l 
- t r ip-of f on error de tec t ion 
- ^ 2 0 V ove rshoo t even at ful l load 

France : ORTEC Sari; 7 , rue desSole ts ; Te l . (1)687 25 71 -T l x202553F,F -94RUNGIS -Germany : SEN ELEKTRONIK 
G m b H ; Brandstucken 11 ; Tel. 041 80 20 4 6 - T l x 216 3705d, D-2000 HAMBURG 5 3 - D I D A S Digital System; Radspielstrasse 8, 
Tel. 089 91 67 10 - Tlx 529 167d - D-8000 MUENCHEN 81 - Switzerland : SEN ELECTRONIQUE SA,; CP 39, 
Tel. (022) 44 29 40 - Tlx 23359eh - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 945 51 03 
Tlx 58257ch - CH-8604 VOLKETSWIL - United Kingdom : SEN ELECTRONICS LTD; London Street; Chertsey^ Tel 
9328.66744 - GB - KT168AP SURREY. - OFFICES T H R O U G H O U T THE WORLD. 
Headquarters : 
SEN ELECTRONICS S.A.; Avenue Ernest Pictet 31; Tel. (022) 44 29 40 - Tlx 23359ch - CH-1211 GENEVE 13 E L E C T R O N I Q U E 



August 5 ,1978 

EIM AC 8973 tetrodes 
helped bring fusion power 
a step closer at Princeton. 
Project PLT—a significant 
achievement 

On August 5 , 1 9 7 8 scientists at Princeton 
University Plasma Physics Laboratory succeeded 
in heating a form of hydrogen to more than 60 
million degrees Celsius and produced the high­
est temperature ever achieved in a T O K A M A K 
device—four times the temperature of the in­
terior of the sun, thus bringing fusion power a 
step closer for mankind. 

EIMAC tetrodes for switching 
and regulating. 

Four EIMAC super-power 8973 
(X-2170) tetrodes were used to con­
trol and protect the four sensitive 
neutral beam sources in this scien 
tific achievement. The next 
experiment in this series 
(PDX) will also utilize 
EIMAC 8973 tetrodes to 
control the neutral beam 
sources. The EIMAC 
8973 is also being used 
at Oak Ridge National 
Laboratory, another 

major research facility involved in the Depart­
ment of Energy's program to develop practical 
fusion power. The 8 9 7 3 is a regular production 
tube designed for high power switching and 
control by EIMAC division of Varian. 

For information 
Contact Varian, EIMAC Division, 301 

Industrial Way, San Carlos, California 9 4 0 7 0 . 
Telephone (415) 592 -1221 . Or any of the more 
than 3 0 Varian Electron Device Group Sales 
Offices throughout the world. 

varian 


