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CERN Accelerator Conference 

From 7-1 1 July the XI Internat ional 
Conference on High Energy Acceler­
ators was held at CERN. It a t t racted 
some 3 0 0 specialists f r om all the 
regions of the wor ld involved in 
accelerator construct ion. W e wi l l 
concentrate here on the major topics 
at the Conference w i t h emphasis on 
those subjects wh ich have not had 
detai led coverage in the COURIER in 
recent months. 

The big machines 

As usual the Conference opened 
w i t h reports on the big machines 
newly in act ion, under construct ion 
or planned. Despite the f inancial 
restr ict ions of recent years and un in­
spir ing f inancial prospects for the 
near future, the list is impressive — 
PEP, PETRA, CESR, ISABELLE, 
UNK, BPS, CERN proton-ant iproton 
collider, Tevatron, HERA, TRISTAN, 
SLAC single pass coll ider and LEP. 

Ewan Paterson spoke about the 
newcomer — the 1 8 GeV elect ron-
posi tron storage ring PEP at S tan­
ford — wh ich started physics at the 
end of June (see July issue, page 
187) . Peak luminosi ty of 1 0 3 2 per 
c m 2 pers is ant ic ipated at 1 5 GeV. In 
the initial runs at 8 GeV ( l imited in 
energy by problems w i t h ceramic 
supports in the injection kickers) a 
luminosi ty of 3.5 x 1 0 2 9 was ach­
ieved, moving later to 2 x 1 0 3 0 at 1 1 
GeV w i t h three circulat ing bunches 
in each ring. (In Ju ly the ring oper­
ated at 14 GeV and before the end 
of the year suff icient r.f. power 
should be installed to ramp to 
18 GeV.) 

The PETRA electron-posi t ron 
storage ring at DESY, covered by 
D. Degele, has been in operat ion for 
t w o years and since February of this 
year can operate at 1 9 GeV. Polari­
zat ion at high energies has been 
observed (see July issue page 1 96 ) 
and beam behaviour is becoming 

better understood. There are pro­
blems in pushing luminosi ty above 
5 x 1 0 3 0 per c m 2 per s due part icu­
larly to beam-beam effects. It is 
intended to add strong quadrupoles 
near the beam crossing points, to 
add a second harmonic system to 
reduce satell i te resonances and 
to double the number of r.f. cavit ies 
so as to push the peak energy to 
20 .5 GeV. 

Complet ing the list of e lectron-
positron newcomers, progress w i t h 
the 8 GeV CESR at Cornell was 
reported by D. Morse. W i t h a 
remarkably small team and for 
remarkably litt le money, they have 
managed to build and operate the 
machine quickly and have reached a 
luminosi ty of about 1 0 3 0 . They 
presently operate at 5.5 GeV or 
be low and have been studying the 
upsilon resonance. More r.f. is being 
installed to reach 8 GeV. Cornell are 
developing a 5 0 GeV scheme for the 
future. 

Major electron-posi tron projects 
for the long- term future are the LEP 
storage ring for Europe (described at 
the Conference by A. Hut ton and 
covered in detai l in our March issue, 
page 5 and July issue, page 191) 
and the col l iding linac beam projects 
at Stanford and Novosibirsk (cov­
ered in our December issue 1 9 7 9 , 
page 4 0 3 ) . Burt Richter gave some 
recent in format ion on the Stanford 
Single Pass Collider Project, SPCP. 
These linear schemes have interest 
because electron-posi t ron storage 
rings are reaching the l imit of 'f iscal 
feasibi l i ty 7 and, somewha t beyond 
LEP energies, coll iding linac beams 
wi l l be the only route to go higher. 
The SPCP could check many of the 
necessary techniques at lower ener­
gies qui te apart f rom its immediate 
physics interest. The aim is to take 
beams f r om the existing linac, w i t h 
energies increased to 5 0 GeV via the 
SLED II project (see July issue 

1 9 7 4 ) , and bend them through t w o 
arcs to coll ide head-on a single t ime. 
A design report was produced in 
June and R and D work is under way 
at SLAC; the cost est imate is just 
over $ 6 0 mil l ion w i t h a construct ion 
t ime of three years. 

Electron-proton coll iding beam 
schemes have been at t ract ing a lot 
of interest for many years but seem 
to have di f f icul ty get t ing off the 
ground. T w o of the major existing 
contenders are the HERA project at 
DESY (described at the Conference 
by Bjorn Wi i k and covered in our 
May issue, page 99) and the CHEER 
project for Fermilab (described at 
the Conference by R.V. Servranckx 
and covered in our July issue, 
page 2 0 5 ) . 

The Japanese project TRISTAN, 
reported by Y. Kimura, is now put t ing 
emphasis on the electron-proton 
opt ion. They have the necessary 
particle sources on the Tsukuba site 
w i t h the 12 GeV proton synchrptron 
KEK and the 2.5 GeV electron linac 
being built for the synchrotron radi­
at ion facil i ty. The plan is to coll ide 
electrons w i t h energies f rom 6 to 
2 5 GeV w i t h protons f rom 9 0 to 
3 0 0 GeV in a r ing of 3 km circumfer­
ence w i t h four intersect ion regions. 
Superconduct ing magnets and r.f. 
cavit ies are under study. Approval is 
hoped for in 1 9 8 1 at an overall cost 
of about 3 0 0 mil l ion Swiss francs. 
Electron-proton physics could then 
start about 1 9 8 9 . 

Turn ing to proton-proton storage 
rings, the 4 0 0 GeV ISABELLE pro­
ject at Brookhaven was covered by 
Harold Hahn. Construct ion of the 
ring tunnel and experimental halls is 
advancing rapidly and is scheduled 
for complet ion in September 1 9 8 1 . 
The f irst arcs are available for 
component instal lat ion. Problems 
remain however w i t h the supercon­
duct ing bending magnets and w e 
shall return to this topic later. 
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The proton-ant iproton coll ider 
project for the CERN SPS, described 
in our June issue page 143 , was 
covered by J. Gareyte. It is proceed­
ing wel l on its rapid schedule and the 
passing of the latest mi lestone is 
described be low under the topic of 
beam cooling. The equivalent work 
at Fermilab is going more s lowly 
because the immediate priority is on 
achieving the superconduct ing ring. 
Dave Cline covered the latest calcu­
lations on ant iproton yield in the 
Fermilab scheme wh ich indicates 
fluxes of up to 1 0 1 2 ant iprotons per 
day w i t h opt imized energies, target 
geometr ies and beam optics. 

J i m Griffin reported on the Fermi­
lab projects. It is hoped to complete 
installation of the ring of supercon­
duct ing magnets in the Spring of 
1 9 8 2 and to have it in operat ion by 
1 9 8 3 (the Energy Saver). A year 
later the addit ion of more refr igera­
t ion should al low 1 TeV beams and 
open the 1 TeV proton-ant iproton 
coll ider opt ion (Tevatron Phase I). 
The f ixed target programme at 
1 TeV is covered by Tevatron Phase 
II. It is signif icant that experimental 
proposals are pouring in for the 
1 TeV f ixed target programme. For 
the distant future some thought has 
been given to the possibil i t ies of a 
ring to achieve 10 TeV, f i l l ing the 
who le existing site. Such 'site-f i l lers' 
have become common parlance in 
many Laboratories and here CERN 
has a particular advantage. Given 
the underground construct ion tech ­
nique, the first geographical l imi ta­
t ion to CERN's site-fi l ler may wel l be 
the English Channel. 

The highest energy f ixed target 
machine likely to be in operat ion in 
the next decade is the UNK 3 TeV 
proton synchrotron, at Serpukhov, 
reported by K.P. Myznikov. They are 
increasing the intensity of the exist­
ing 7 0 GeV machine to 5 x 1 0 1 3 

protons per pulse to serve as injector 

The tunnel to house the ISABELLE 400 GeV 
proton-proton storage rings advances round 
the Brookhaven site. The tunnel is scheduled 
for completion in September* 1981. 

(Photo Brookhaven) 

into a 4 0 0 GeV ring of convent ional 
magnets serving as a s low cycl ing 
booster. This wil l then feed a ring of 
superconduct ing magnets to reach 
full energy. Colliding beam opt ions 
obviously include 4 0 0 GeV protons 
on 3 TeV protons and six long 
( 4 8 5 m) straight sections are incor­
porated in the ring to faci l i tate beam 
intersections. The tunnel wi l l be 
made w ide enough to al low the 
addit ion of another storage ring and 
permit 3 TeV on 3 TeV proton-
proton physics at a later date. Much 
prototype work is being carried out 
and it is expected that construct ion 
wi l l be ful ly under way next year. 

In China the 5 0 GeV Beijing (Pek­
ing) proton synchrotron, BPS, is 
under construct ion and progress 
was reported by Fang Shou-Xian. 
Prototype work on many machine 
components such as linac cavities, 
booster magnets and main ring 
magnets is wel l advanced. A 

7 5 0 keV preinjector, using a nega­
t ive hydrogen ion source built in 
col laborat ion w i t h Fermilab, and a 
1 0 M e V linac sect ion is being 
installed at the Peking Institute. 
Complet ion of the machine is now 
scheduled for 1 9 8 7 — a more 
temperate rhy thm than the ex­
t remely rapid schedule initially pro­
posed. It was a pleasure to see the 
Chinese physicists at the Confer­
ence and very impressive to see how 
rapidly they have absorbed the st r in­
gent requirements of modern accel­
erator technology. 

Superconducting magnets and r.f. 
systems 

The use of superconduct ing mag­
nets and radiofrequency systems in 
accelerators has been a separate 
topic in our reports of International 
Accelerator Conferences ever since 
the Cambridge Conference of 1967 . 
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Proposed layout of the 3 TeV proton 
synchrotron to be built at Serpukhov. Bottom 
left is the existing 70 GeV machine which 
will be used as injector into a 400 GeV 
conventional synchrotron, followed by a 
3 TeV superconducting synchrotron in the 
same tunnel. Six long straight sections would 
allow the possibility of colliding beams at a 
later stage. 

Normal ly such technologies earn 
'separate topic ' status when they 
f irst emerge and are being mastered 
(like beam cooling) or rejected (like 
electron ring accelerators). They are 
then swal lowed into the body of 
accelerator gospel o rd isappear f rom 
the scene. But superconduct iv i ty 
goes on forever, neither ful ly mas­
tered nor rejected — an experience 
wh ich the Chairman of the super­
conduct iv i ty session, Kjell Johnsen, 
described restrainedly as ' f rustrat­
ing'. The review talks were given by 
G. Horlitz on magnets and A. Citron 
on r.f. systems. 

The magnets at last look as if they 
have reached the stage of ref ine­
ments rather than anyth ing funda­
mental . For the mass product ion of 
bending magnets, and their use in an 
operat ing system, Fermilab are fur­
thest along the line for the Tevatron 
project. They have about ninety 
completed magnets; about f ive d i -

poles are built per week and achieve 
the required 4.5 T field in up to five 
quenches. Their design has cold 
bore, w i th in the cryostat, and w a r m 
iron and their major outstanding 
problem was vertical tw is t of the 
magnet coils due to minimizing the 
supports so as to keep heat transfer 
as small as possible. The latest 
cryostats have had addit ional sup­
ports incorporated, at a cost of about 
a 0.5 W increase in heat load per 
magnet, wh ich is tolerable. 

These magnets have exhibited no 
measurable rotat ion. Magnets have 
been operated in beamlines and in 
the ring tunnel, posit ioned under the 
convent ional magnets, wh ich has 
provided valuable operat ing exper­
ience both of cryogenic systems and 
quench protect ion. A cryoloop of 
3 2 dipoles and 2 quadrupoles has 
worked wel l . A large hel ium plant 
has operated at the rate of 
3 0 0 0 litres per hour. 

Like Fermilab, Brookhaven have 
about a thousand superconduct ing 
magnets to build for ISABELLE. 
Their design for the bending mag­
nets, involving w a r m bore and cold 
iron, is not f inalized and the latest 
models produced in industry were 
not satisfactory. The average f ields 
wen t f r om 3.7 to 4.2 T after many 
quenches. It begins to look increas­
ingly dif f icult to achieve the 5 T f ields 
corresponding to 4 0 0 GeV opera­
t ion but 4.5 T should be wi th in reach. 
The latest design modif icat ions aim 
to reduce excessive inbuilt tensile 
stress. Kapton is being incorporated 
on the major slip planes. More 
copper is being used to increase 
magnet stabil i ty. Improved hel ium 
f l ow and wider braid are being 
tr ied. 

The model magnets for UNK are 
being built by Serpukhov in col labo­
ration w i t h Saclay and Leningrad. 
They are hoping for 5 T w i t h a t w o 
layer coil geometry and a 7 cm bore. 
Results f rom Saclay were reported 
in our Apri l issue, page 62 . A 
magnet test faci l i ty is being assem­
bled at Serpukhov and product ion is 
scheduled to start m i d - 1 9 8 1 . A 
model magnet for TRISTAN has 
been built at KEK closely fo l lowing 
the Fermilab design. It reached 4.2 T 
after ten quenches. A t Berkeley, as 
reported by Bill Gilbert, at tent ion has 
turned to higher f ield magnets using 
lower temperatures and different 
superconductor (niobium-t in). 

On a dif ferent scale, another 
contr ibut ion to the Conference f rom 
the CERN group of Lorenzo Rese-
gott i reported the product ion of eight 
superconduct ing quadrupoles for an 
ISR high luminosi ty insertion. W h a t 
is signif icant about this exercise is 
that, for the f irst t ime to our know­
ledge, industry has successfully pro­
vided a series of superconduct ing 
magnets for an accelerator. A good 
omen for the future. 
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Leon Lederman (standing) and Phil Livdahl 
examine the superconducting magnets 
installed beneath the conventional magnets 
in the Fermilab ring tunnel. Fermilab has 
made considerable progress in the 
development of pulsed superconducting 
bending magnets and hope to have their 
superconducting ring complete in 1982. 

(Photo Fermilab) 

Superconduct ing r.f. cavit ies have 
been less intensely pursued unti l 
recently, w i th the exception of some 
devotees particularly at Karlsruhe, 
Cornell and Stanford. Now there is a 
considerable clamour for t hem as 
the conventional r.f. systems of the 
high energy electron-positron stor­
age rings soak up large amounts of 
power. 

A. Citron reviewed a Workshop on 
r.f. superconduct iv i ty held at Karls­
ruhe wh ich revealed a growing 
understanding of the complex phe­
nomena involved. The t w o quant i t ies 
of interest in an accelerating struc­
ture are the Q value (which effec­
t ively measures the power losses) 
and the l imit ing f ield (which gives 
the accelerating f ield gradient ob­
tainable). Q values some ten thou ­
sand t imes those of convent ional 
copper cavities are hoped for and the 
values presently obtained depend in 
part on the operat ing frequency. 

Limit ing fields are connected w i th 
cavity structures (cylindrical, spheri­
cal, muff in tin...) and generally go 
down w i t h the number of cells wh ich 
are joined together. Probably the 
higher the number of cells in opera­
t ion, the higher the probabil i ty that 
I n some unfortunate corner' of the 
structure the actual f ield reaches 
breakdown level. The possibil i ty of 
obtaining improvements has been 
demonstrated however, for example 
a 6 5 cell structure was 'chemical ly 
tuned ' to achieve the same l imit ing 
field performance as a 3 cell struc­
ture. 

Accelerat ing fields of 3 M V per m 
are attainable at any frequency w i t h 
care. Up to S band frequencies the 
l imitat ions seem to be due to elec­
t ron phenomena (mult ipact ing). 
Cavity shaping and surface treat­
ments help but resonance phenom­
ena can be a problem. Beyond S 
band the l imitat ions seem to have 

their origin in thermal phenomena 
where parts of the superconduct ing 
structure go 'normal ' . 

Surface condit ions are much more 
compl icated than might appear on 
the sur face! Rather than a simple 
niobium to vacuum situat ion there 
are oxide and absorbed hydrocarbon 
layers wh ich change the secondary 
emission coeff icient. This needs 
some fundamenta l research. A n ­
other approach wh ich should prove 
frui t ful is to improve the cool ing 
condit ions so as to reduce or e l imi­
nate the thermal phenomena. 

Certainly n o w that there is greater 
interest in master ing r.f. supercon­
ductivi ty, there wi l l be a greater 
attack on the problems. In the near 
future a Karlsruhe-buil t cavity wi l l be 
tr ied in the DORIS storage ring, 
much research work wi l l be done in 
the context of the LEP project and 
Cornell are pursuing a 1 5 0 0 MHz 
cavity (reported by H. Padamsee) for 
their 5 0 GeV electron-positron 
scheme. 

Beam cooling 

At the last International Confer­
ence at Serpukhov in 1 9 7 7 , beam 
cool ing was the newcomer to the list 
of accelerator technologies whose 
early impressive tests were greeted 
w i t h enthusiasm. 

A t the CERN Conference beam 
cooling was obviously regarded as a 
wel l mastered technique and is 
already incorporated in major pro­
jects. It should be added however 
that we may not yet have realized 
many of the potential applications. 

S imon van der Meer presented the 
latest 'state of the art' on stochastic 
cool ing wh ich he invented. Frank 
Krienen reviewed the work in the ICE 
storage ring at CERN which did 
much to conf i rm belief in both the 
stochastic cool ing technique and the 
electron cool ing technique invented 
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Roy Billinge (and, just visible, Simon Van 
der Meer and Eifionydd Jones) at the control 
console during commissioning of the 
Antiproton Accumulator at CERN, surrounded 
by many of the construction team who 
completed the ring in two years. First 
operation came just before the start of the 
Accelerator Conference. '* 

(Photo CERN 77.7.80) 

by the Novosibirsk team of Gersh 
Budker. It was the ICE work wh ich 
gave such confidence in beam coo l ­
ing that the exotic projects to 
achieve high intensity ant iproton 
beams could be launched at CERN. 

The 'hot news ' at the Conference 
was the spectacular f i rst operat ion 
of the CERN Ant ip ro ton Accumu la ­
tor reported in a special intervent ion 
by Roy Bill inge w h o led the A A ring 
construct ion. The ring, one of the 
most demanding ever bui l t f r om the 
point of v iew of accelerator techno­
logy, was completed in less than t w o 
years. 

The A A has a very unusual fo rm. 
The bending and focusing require­
ments in themselves are modest, 
since the ring has to cope w i t h ant i -
protons at only 3.5 GeV, but the 
requirements of inject ing and stor ing 
as intense a beam as possible result 
in very large apertures. The need to 
deal separately w i t h the uncooled 
beam at injection and the cooled 
stack led to the int roduct ion of a 
shut ter to separate inject ion orbits 
f rom the stored beam orbits. Pre-
cool ing of the injected beam takes 
place before the shut ter is lowered 
and fresh particles moved into the 
tail of the stack. Pick-ups and kickers 
of the cool ing systems l i tter the ring 
to cater for injected and stacked 
beams, low density and high density 
condit ions, m o m e n t u m and beta­
t ron cool ing, horizontal and ver­
t ical planes. Refined diagnost ics 
equ ipment is present in profusion. 

On 3 July proton beams were 
injected and stored for t w o hours 
before being dumped. The l i fet ime 
was as expected given the prevail ing 
vacuum. (The vacuum chamber was 
the only th ing that was half-baked 
about the machine!) During the 
fo l low ing days the f irst evidence of 
cool ing in the precool ing orbi t posi ­
t ion and then in the stacked beam 
posit ion was obtained. 

(Subsequent to the Conference, 
magnet polarit ies were reversed and 
ant iprotons were successful ly in­
jected and stored. Intensit ies were 
initially a factor of 4 0 down on 
design but even in the short t ime 
available this was improved to a 
factor of 6. Work then concentrated 
again on protons for wh ich the beam 
diagnost ics problems are much ea­
sier. By now three of the ten cool ing 
systems have been brought suc­
cessfully into operat ion. A t remen­
dous amount of detai led work 
remains to be done to tame the ring 
before the end of this year but the 
start of operat ion has gone better 
than was ever expected.) 

A couple of spin-off ideas f rom 
the initial cooling schemes were 
also ment ioned at the Conference. 
H. Herr reported his work w i th Carlo 
Rubbia to develop the parameters of 
a small electron ring wh ich wou ld 
a l low a 147 MeV electron beam to 

travel w i t h a 2 7 0 GeV ant iproton 
beam along a length of 2 5 m in the 
SPS ring. A cool ing t ime of the order 
of less than 2 0 minutes is calculated. 

Werner Hardt reported work on 
'stochast ic extract ion ' another S i ­
mon van der Meer idea (related to 
that invented for stochast ic acceler­
at ion in synchro-cyclotrons twen ty 
years ago) to use the stat ist ical t ech ­
nique to a l low steady spills of par t i ­
cles over very long t imes. The part ic­
ular CERN interest is for the LEAR 
low energy ant iproton project where 
spill t imes of an hour are desirable 
but it could be readily applied on 
other synchrotrons. R.f. noise is fed 
into the beam around the s low 
extract ion resonance frequency and 
serves to smooth out spill i rregulari­
t ies due to ripple. Theoret ical and 
pract ical studies have conf i rmed the 
usefulness of the technique. Spil ls 
over 9 s were achieved w i t h 9 8 per 
cent duty cycle at the CERN PS. 
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1. 

Heavy Ion Fusion 

The possibil i ty of using beams of 
heavy ions f rom accelerators to 
implode deuter ium-t r i t ium pellets in 
a viable fusion reactor remains a big 
HIF. There are, however, many able 
accelerator physicists w h o are con­
vinced of the feasibil i ty of the tech ­
nique and convinced that this is the 
op t imum route to the fusion reactors 
of the future. Dennis Keefe gave a 
review of the present s i tuat ion (pre­
pared in col laborat ion w i t h Andy 
Sessler). 

The parameters for power produc­
t ion in a realistic plant now look 
clear. The energy must be be tween 1 
and 1 0 M J , the power be tween 1 0 0 
and 6 0 0 TW, the driver eff iciency 
mult ip l ied by the pellet gain must be 
at least 10. Pulse shaping of the 
heavy ions wi l l be necessary, pulse 
repeti t ion rates wi l l need to be 
between 1 and 10 per s and the 
beams wi l l need to be focused over 
some 5 to 1 0 m to d iameters of a 
f ew mm . Reliability of the plant wi l l 
need to be over 8 0 % w i t h about a 
3 0 year l i fet ime. The cost wou ld 
need to be in the range of a f e w 
hundred M $ per G W of output elec­
trical power. 

Translated into requirements for 
the accelerator (assuming a beam of 
uranium ions) this implies del ivering 
a beam of 2 x 1 0 1 5 ions at 1 0 GeV in 
a 2 0 ns pulse to give 1 5 kA and 

2. 
1 5 0 T W of power at the pellet. T w o 
accelerator schemes have been 
retained to meet this specif icat ion. 
Both use a bank of ion sources and 
low beta linacs w i t h their beams 
being brought together to achieve 
the required ion intensity. One 
scheme, being pursued at Argonne 
and Brookhaven, then uses r.f. 
(Alvarez) linacs to feed storage rings 
wh ich then eject to bombard the 
target f rom opposite directions. The 
other, being pursued at Berkeley, 
uses an induct ion linac and b o m ­
bards the target via t w o arcs (rather 
like the SPCP). 

The development of the low 
energy end of these schemes is 
going ahead successfully. High cur­
rent sources have been operated at 
all three Laboratories w i th good 
currents and good emit tance. An 
ingenious idea of Al Maschke, wh ich 
goes under the name of MEQALAC 
for 'mul t ip le beam electrostat ic qua-
drupole focusing linear accelerator', 
wi l l probably f ind applications in 
other areas besides the heavy ion 
fusion work. 

A t low particle velocit ies drif t 
tubes in r.f. linacs have to be shorter 
and of smaller bore; using electro­
static quadrupoles bore sizes can be 
made orders of magni tude smaller 
and the costs are less. A formula can 
be worked out specifying the maxi ­
m u m current wh ich can exist in a 
linac at one t ime. MEQALAC skirts 

Some Conference faces: 1. Gus Voss with 
Helmut Reich, 2. Gregg Loew with F. Netter, 
3. Leon Lederman with V.P. Dzhelepov and 
Leon Van Hove, 4. Matt Sands with Burt 
Richter, 5. Herwig Schopper with Emilio 
Picasso, 6. Marshall King with AI Maschke. 

3. 
around this by having many 'beam-
lets' passing through many indepen­
dent electrostat ical ly focused chan­
nels. Bringing together these beam-
lets, after passing them through a 
pepper-pot type structure, achieves 
high output current at low energies. 
W i t h fur ther development, MEQAL-
ACs could be replacing all Cockcroft-
Wa l tons in some years t ime. 

Brookhaven has operated a nine 
beamlet st ructure w i th xenon ions 
and a four parallel beam proton linac 
wi l l soon be operated to test the 
ideas further. A xenon beam f rom a 
duoplasmatron source has been 
accelerated through a Wideroe linac. 
Argonne has had xenon ions at 1 MV 
using a dynami t ron. Accelerat ion 
through a 9 M e V Wideroe linac is the 
next step to be fo l lowed later by a 
second Wideroe and a large aperture 
synchrotron to take the ions to 
10 GeV. This complex is known as 
the Beam Development Facility and 
was descr ibed by Ron Mart in. A t 
Berkeley the emphasis is on induc­
t ion linac technology. Xenon and 
cesium (1.2 A achieved) sources 
have been operated and a 2 MeV 
three dri f t tube structure is yielding 
beams of the expected quality. It is 
intended to build 8 0 m of induction 
linac structure. 

Energy panel 

It is logical to move f rom the topic 
of potent ial appl icat ions of accelera-
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4. 
tors in energy product ion to the 
subject of a panel discussion intro­
duced at an International Confer­
ence for the f irst t ime — 'Min imiz ing 
energy consumpt ion of accelerator 
and storage ring faci l i t ies'. The panel 
was chaired by Mark Barton w i t h 
H. Gerke, Gregg Loew, Dick Lundy 
and Wol fgang Schnell as panel 
members. 

There are t w o approaches to the 
energy consumpt ion quest ion. On 
the one hand high energy physics 
Laboratories consume less than one 
part in ten thousand of the wor ld 
total electrical energy consumpt ion. 
If we believe that our research, both 
culturally and practically, is the most 
important of the 2 0 t h Century, this 
f igure is a long way f rom appearing 
an excessive drain on energy re­
sources. On the other-hand, w e can 
never talk glibly about energy requi­
rements of hundreds of megawat t s 
when there are large energy needs 
elsewhere in the wor ld . W e have to 
be a responsible and socially accept­
able part of society wh ich means 
that it must be seen that w e do all 
that is reasonable to reduce our 
demands. 

Apar t f rom this social responsibi l ­
ity it was obvious in the discussion 
that w e have a vital self interest in 
minimizing the megawat t s s imply 
because they cost money. W h e n 
Laboratory budgets take a quan tum 
j ump downwards it is not easy to 

5. 
swi tch off people, equipment invest­
ments, etc... but it is easy to swi tch 
off the power to the machines. Quite 

^small f luctuat ions in budgets can 
make disastrous inroads into the 
research programme. 

It seems obvious that all the big 
new facil i t ies now proposed need to 
look at the possibil i t ies of using 
waste heat, microwave power, 
synchrotron radiation etc... to help 
other people w i th heating, drying, 
cooking, steril izing etc... This is being 
done for example w i th the LEP 
project. It is certainly not an easy 
problem, however, because of the 
intermi t tent nature of machine oper­
ation and the varying operat ing 
condit ions. 

Efforts to improve equipment ef f i ­
ciencies, the introduct ion of storage 
devices, the use of superconduct iv i ­
ty, the use of pulsed rather than d.c. 
units etc... are under w a y : An inter­
est ing debate developed on super­
conduct ing systems as to whether 
these wou ld necessarily be power 
savers. The fact that they need to be 
cooled cont inuously regardless of 
whether the accelerator or storage 
ring is operat ing may result, in some 
cases, in an integrated power con­
sumpt ion wh ich is not dissimilar 
f rom convent ional systems. Exper­
ience wi l l show. 

Some at tempt may emerge to 
formal ize the communicat ion be­
tween Laboratories of in format ion 

6. 
on energy-saving exercises. It is an 
impor tant thought that the sort of 
expertise lodged in accelerator La­
boratories could emerge w i th vital 
ideas for the communi ty at large on 
energy problems. 

Visions of the future 

The Conference closed, again fo l ­
lowing an established tradi t ion, w i th 
a look into the distant future. Lee 
Teng, showing that seven decades in 
energy had been mastered in f i f ty 
years of accelerator construct ion, 
extended the scale into the next 
century (w i th a 2 0 TeV proton 
synchrot ron and 3 5 0 GeV electron-
positron linear colliders). Ugo 
Amald i then chaired a panel consist­
ing of Vital i Kaftanov, Burt Richter, 
Carlo Rubbia, Lee Teng, Bjorn Wi i k 
and Bill Wi l l is wh ich looked at 
'Accelerators for the future phy­
sics'. 

Ugo Amald i reviewed the present 
highly successful theoret ical picture 
of mat ter and forces and drew out 
the remaining outstanding quest ions 
wh ich emerge f rom i t—ex is tence of 
intermediate bosons, top quark, 
Higgs particles, further quartets, 
proton decay, neutr ino mass... Burt 
Richter said that no experimental ist 
should pay too much at tent ion to the 
'received message' of the prevail ing 
very t idy theories. There are peas 
under the mattress wh ich prevent us 
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being total ly comfor table. There are 
too many particles around, w h a t is 
the answer to the quest ion of 
neutr ino mixing/etc. . . He caut ioned, 
however, that very soon, because of 
the need for ever higher energy 
devices, w e are going to need lots 
more dollars or new accelerator 
concepts 'or w e quit ' . 

Carlo Rubbia concentrated on the 
cosmic ray evidence (Tien Shan and 
Centauro events) that at higher ener­
gies w e are going to run into 
phenomena w i th no exist ing expla­
nat ion. Bjorn Wi i k emphasized that 
substructure beyond quarks is likely 
and w e still have to explain the origin 
of mass, to f ind magnet ic monopoles 
and to incorporate gravity into an 
overall scheme. 

Vital i Kaftanov pleaded for con t in ­
ued construct ion of higher energy 
f ixed target machines to c a t e r f o r t h e 
product ion and use of many types of 

particle beam, part icularly neutr ino 
and muon beams. Bill Wi l l is concen­
t rated on long-range order amongst 
hadron const i tuents for wh ich no 
'standard w i s d o m ' exists. W e need 
to create and study pion f luids, the 
possibi l i ty of quark matter, glueballs 
(blobs of gluons),... 

Leon Lederman came in w i t h a 
nice summar iz ing intervent ion, 'Ugo 
says that at higher energies there is a 
desert ; Burt says there is no desert. 
Carlo says there is no desert and I 
can prove it; Bjorn says maybe there 
is a desert but the sand is not funda­
mental . Vital i says desert schmesert , 
there is a lot to do. But Bill Wi l l is is 
more interest ing because he re­
minds us of history. W h e n physicists 
discovered the proton and the elec­
t ron in some order, they gave rise to 
a new subject called atomic physics 
wh ich changed the wor ld . Later on 
physicists found clusters of protons 

and neutrons in a small space and 
they gave rise to a subject called 
nuclear physics wh ich changed the 
wor ld . N o w Bill Wi l l is is point ing out 
that the desert is ful l of lizards and 
cactus plants and all kinds of rich 
ecology because one can take the 
new part icles and look at their 
complexi t ies giv ing rise to a subject 
wh ich w e wi l l call someth ing like 
'Complex part icle physics' and that 
is also going to change the wor ld . 
Some people, probably now in high 
school, wi l l go on to study physics 
f rom thereon. W e have a beauti ful 
picture of a future wh ich wi l l guaran­
tee ful l emp loyment to all.' 

Despite the great advances in our 
understanding of the nature of 
mat ter in recent years, there is no 
sign of lack of interest in the physics 
of the future and no sign of lack of 
abil i ty of the accelerator builders to 
make that physics possible. 

Madison Physics Conference 
If there was no unexpected major 
development wh ich emerged as the 
highl ight of the 2 0 t h Internat ional 
Conference on High Energy Physics, 
held at the University of Wiscons in 
at Madison f rom 1 7 to 2 3 July, there 
was still someth ing of interest for 
everybody. Despite the parallel ses­
sions of the first three days being 
held on campus, the Universi ty 
appeared to cope easily w i t h the 
impact of 1 2 0 0 visi t ing physicists 
and their needs. W i t h its relaxed 
Berkeley-style atmosphere and a 
pleasant site over looking Lake M e n -
dota, the campus and its at t ract ions 
provided a we lcome balance to the 
intensity of the phvsics sessions. 

The Madison Meet ing was the f i rst 
in the 'Rochester ' series to be organ­
ized as an open conference, w i t h a 

m in imum of official invitat ions being 
issued. W i t h four st reams of parallel 
sessions, it was inevitable that 
initially there wou ld be conf l icts of 
interest, and many attendees found 
themselves frequent ly commut ing 
between dif ferent parallel sessions. 
A t some stages, even the same 
exper iment was being discussed 
s imul taneously in dif ferent places. 

Despite its size, the conference 
was impeccably organized. W h e n 
someth ing did not run according to 
plan, there were back-up arrange­
ments wh ich made it look as though 
nothing had gone wrong . Even the 
usual t rauma of registrat ion was 
made a lmost tr ivial thanks to a 
computer system. 

One d isappointment was that 
L. Okun, scheduled to give the 

keynote speech at the end of the 
conference, was unable to at tend. 
Over 8 0 0 of the delegates to the 
Conference signed a statement , ad ­
dressed to A.P. Alexandrov, Presi­
dent of the Soviet Academy of 
Sciences, wh ich said they were 
'deeply d is turbed ' by this, and the 
signatures were eventual ly delivered 
to the Soviet Embassy. 

W i t h a wea l th of exper imental 
data to report, reviewers at the 
conference f requent ly found it d i f f i ­
cult in the relatively short t ime 
al loted to cover all the ground. W i t h 
the e lect roweak theory now almost 
history, the accent is very much 
these days on the analysis of 
hadronic phenomena. A l though 
quan tum chromodynamics (QCD), 
the emerg ing theory of quark forces, 
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The Humanities Building, University of 
Wisconsin-Madison, scene of most of the 
parallel sessions at the recent International 
Conference on High Energy Physics. 

(Photo University News Service) 

has a predict ive power w h i c h seems 
to g row daily, much of the exper i ­
menta l data has stil l to be quant i ta ­
tively, if not qual i tat ively, explained, 
and there was a plethora of parame-
tr izat ions presented at the confer­
ence. 

Accord ing to Chris L lewel lyn-
Smi th , w h o gave the rev iew talk on 
QCD, the list of processes and 
effects suitable for t rea tmen t by 
QCD has g rown considerably and 
the calculat ional techniques are be­
ing cont inual ly improved. However 
f rom an exper imental point of v iew, 
the effects wh i ch provide a w i n d o w 
on inter-quark forces tend to be rare, 
or subtle, or both. Examples are 
product ion of specif ic part ic les (di­
rect leptons, single photons or inc lu­
sive hadrons), event topo logy in 
deep inelastic scat ter ing, and high 
energy e lect ron-posi t ron interac­
t ions. 

To attack these measurements . 

QCD has g rown into a major inter­
nat ional industry, and L lewel lyn-
Smi th , fo l low ing the cus tom of the 
experimental ists, showed a densely-
packed transparency l ist ing the peo­
ple involved in the effort. (Who knew 
that Mickey Mouse was involved?) 

One newcomer effect at the 
conference was the study of t w o -
photon physics ( interact ions be­
tween t w o vir tual photons emanat ­
ing f rom col l iding particles), and 
Wi l l i am Frazer of San Diego s u m ­
marized much of the present s i tua­
t ion in physics in his in t roduct ion to 
the two -pho ton session. T h e 
smal ler the event rate, the better w e 
can calculate it ', he said, and 'whi le 
some t ime ago w e knew practical ly 
noth ing about everything, n o w w e 
k n o w almost everything about prac­
t ical ly no th ing ! ' 

Wh i le QCD and QCD-related ef­
fects prol i ferated, some hardy an­
nuals of physics remained. There are 

sti l l new 'o ld ' (i.e. non-charm) par t i ­
cles tu rn ing up. The l i fet ime of 
charmed part icles stil l provides a 
ta lk ing point, not so much because 
of d isagreement be tween measure­
ments, but because it is becoming 
clear that di f ferent part icles have 
di f ferent l i fet imes. 

Elsewhere, quest ion marks 
loomed even larger sti l l over baryon-
ium — the proposed nar row baryon-
ant ibaryon bound states. N o w no 
nar row baryon ium candidate ap­
pears to have w i ths tood conf i rma­
t ion, and the joke is that baryonium is 
being replaced by bu ryon ium! 

There w a s a large at tendance at 
some of the early sessions on more 
ambi t ious theoret ical ventures such 
as supersymmet ry and grand uni f i ­
cat ion, top ics wh i ch contrast sharply 
w i t h workaday parametr izat ions of 
exper imenta l data. Valuable material 
for theoret ic ians came f rom H. So­
be rs talk on the recent neutr ino 
exper iment by an Irvine group at a 
reactor. This still reports an unex­
pected value for the ' rat io of rat ios' 
— the relative proport ion of neutral 
and charged current events is not 
w h a t is given by theory. This could 
be interpreted as evidence for the 
existence of neutr inos w i t h mass, 
and di f ferent masses at that, giving 
rise to neutr ino osci l lat ions (see 
J u l y / A u g u s t issue, page 189) . 

However evidence for neutr ino 
osci l lat ions f rom high energy neu­
t r ino exper iments at accelerators 
w a s less opt imist ic , and in his 
rapporteur ta lk on low energy weak 
interact ions, George Tri l l ing of Ber­
keley a t t r ibuted the reactor effect to 
stat is t ics and put fo rward the v iew 
tha t there is no 'compel l ing ' ev i ­
dence for neutr ino osci l lat ions. In 
part icular, a run w i t h the nar row­
band neutr ino beam at CERN shows 
noth ing special. There was no news 
at the conference f rom the M o s c o w 
exper iment on the beta decay of 
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Relaxing at Madison 

(Photo University News Service) 

t r i t ium, wh ich has also provided 
evidence for neutr ino masses. 

A minor controversy surrounded 
prel iminary results f rom the NA5 
B a r i / C r a c o w / L i v e r p o o l / M u n i c h / 
JMijmegen col laborat ion studying 
high energy pion and proton interac­
t ions at the CERN SPS. This experi­
ment analyses high transverse 
m o m e n t u m reactions using a calor i­
meter wh ich surrounds the streamer 
chamber vertex detector. 

Rather than intercept ing clearly 
def ined jets of high transverse m o m ­
entum particles, this experiment so 
far picks up wha t appears to be a 
mainly uni form distr ibut ion of part i ­
cles. A l though there are some signs 
of increasing 'planarity' w i th in­
creasing transverse momen tum, the 
behaviour is better described by a 
stat ist ical model. These distr ibut ions 
of f inal particles also seem to contain 
relatively large numbers of charged 

particles — about 27 if the total 
transverse m o m e n t u m threshold is 
10 GeV. 

This result provoked some highly 
polarized comments , as according to 
some, here was evidence against 
j e ts ! In his rapporteur talk on deep 
inelastic processes, Jacques Lefran-
cois of Orsay took a more conserva­
t ive line and proposed that jet 
physics might be diff icult at the ener­
gies covered by the NA5 experi­
ment. 

One th ing wh ich has appeared on 
the scene since last year is the so-
called K-factor required in the analy­
sis of lepton pair product ion by the 
'Dre l l -Yan' mechanism — the elec­
t romagnet ic interact ions of quark 
pairs. A number of different experi­
ments now f ind that the magni tude 
of their experimental ly-observed d i -
muon levels is about 2.5 t imes larger 
than that predicted by the model, 
a l though the general shape of the 
spect rum seems satisfactory. This 
renormal izat ion effect has some 
theoret ical (QCD) basis, al though 
some people thought that put t ing K 
as a constant w i t h no kinematical 
dependence could be an oversimpl i ­
f icat ion. 

Another d imuon development is 
the appearance on the scene of 
signals f rom muon pairs containing 
t w o particles of like sign, and for 
wh ich there is no accepted explana­
t ion. Accord ing to Michael Shaevitz, 
report ing results f rom the C a l t e c h / 
Fermilab / Rochester / Rockefeller 
high energy neutr ino experiment, if 
his like sign d imuon signal is extra­
polated, then the product ion of like 
and unlike sign muon pairs wi l l 
become comparable at Tevatron 
energies! 

Whi le just a short t ime ago it was a 
novelty, single photon product ion in 
hadron coll isions has now been 
measured in a number of different 
experiments. It is interpreted as a 
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This preliminary data from the NA5 Bari / 
Cracow / Liverpool / Munich / Nijmegen 
collaboration was a talking point at the 
Madison Conference. The vertical axis shows 
the energy picked up in two mutually 
opposite trigger arms, while the horizontal 
axis shows the energy deposited in the full 
calorimeter surrounding the interaction 
region. The scatter plot shows that at SPS 
energies, there is as yet little evidence for 
clearly defined jets of final particles emerging 
in mutually opposite directions. The distance 
from the solid line indicates the energy 
which eludes the two trigger arms. 

QCD Compton effect in wh i ch a 
gluon scatters off a quark, producing 
a photon instead of another g luon, 
and looks like provid ing another 
p layground for QCD. 

The B-meson (containing a beauty 
quark) candidate reported last year 
by the W A 1 1 exper iment at CERN 
has now been washed away in a 
mass of new data, however new 
evidence for B-part icles (al though 
still indirect) comes f r o m the new 
CESR electron-posi t ron storage ring 
at Cornell. Ed Thorndike of Roches­
ter showed how data f r o m the CLEO 
detector near the four th upsi lon (see 
June issue, page 151) , indicates lots 
of leptonic act iv i ty in the to ta l energy 
region 1 0 . 3 - 1 0.6 GeV — just where 
the B-meson wou ld be expected. 
Another B hint is tha t the ratio of 
kaons to pions in th is region 
increases four fo ld, suggest ing that 
the dominant decay is th rough 
charm states. The CUSB detector 

also sees lots of electrons in this 
region and the probable branching 
ratios for a B-meson going to a 
hadron plus electron plus neutr ino is 
similar f rom both detectors. 

Elsewhere in the electron-posi t ron 
area, the high energy scene is dom i ­
nated for the moment by PETRA. 
Results were presented up to 
36 .5 GeV coll ision energy, w i t h no 
signs of any top quark effects. A 
search for fur ther heavy leptons 
has so far revealed nothing be low 
1 7 GeV. A t lower energies, SPEAR 
cont inues to be a prolif ic source of 
in format ion on the charmon ium sec­
tor. Another interest ing speculat ion 
is that the E(1420) , seen in the 
photon decays of psions, might be a 
long-awai ted example of a 'g luebal l ' 
— a state made up of gluons, but no 
quarks. 

In format ion on charm product ion 
and l i fet imes came f rom a w ide 
range of di f ferent detectors. N o w the 

charged charmed meson l i fet imes 
look to be several t imes, if not an 
order of magni tude, longer than that 
of the neutral charmed meson. This 
keeps theoret ic ians busy. There 
were also reports f rom Fermilab of 
the observat ion of the F-meson 
(carrying charm and strangeness) 
decays in emuls ion, giving a l i fet ime 
in termediate be tween that of the 
charged and neutral D-mesons. The 
F-meson w a s also reported f rom a 
photoproduct ion exper iment at 
CERN using the Omega spect ro­
meter. However the F stil l eludes the 
detectors at SPEAR. 

Some new data was presented 
f r om the Stanford cryogenic exper i­
ment wh i ch measures the residual 
electr ic charge on heat- t reated nio­
b ium spheres. More fract ional 
charges (always in mult ip les of one 
th i rd of the electronic charge) n o w 
have been seen, w i t h one sphere 
displaying nine f ract ional changes 
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of its electric charge in 14 mea­
surements ! On the other hand 
G. Morpurgo, w h o has devoted 
about 1 5 years to a search for f rac­
t ional electric charges in matter, had 
no quark-l ike charges to report. An 
effect wh ich Morpurgo alleges could 
be responsible for the Stanford 
results was dismissed by the US 
group. A cosmic ray exper iment, 
reported by P. Yock of Auck land, 
provided three candidate quark 
events. 

Lucien Montanet 's summary talk 
on 'o ld ' hadrons was far f rom being 
old material . Montanet took in the 
controversial area of baryonium, 
where in his v iew the present lack of 
evidence for narrow resonances is 
far f rom being the last wo rd on the 
subject. A l though baryonium for the 
momen t seems to be sinking fast, 
dibaryons are very much alive. 

Ak ih iko Yokosawa of Argonne gave 
his customary talk on the evidence 
for dibaryons f rom the exper iments 
at Argonne w i th polarized beams 
and targets. This data has now 
yielded three good dibaryons and 
five more candidates (see page 
2 5 2 ) . Other dibaryon states carrying 
strangeness were also reported at 
the conference. 

The weak interact ion sector now 
seems to be on such f i rm ground that 
electron, muon and neutr ino beams 
are used more as a tool for probing 
hadron structure. Muon-der ived 
data received a boost f rom the Euro­
pean Muon Collaboration and the 
N A 4 ( B o l o g n a / C E R N / D u b n a / M u -
n ich /Sac lay) groups at CERN. To­
gether w i t h electron data f rom S LAC 
and neutr ino results f rom CERN and 
Fermilab, there is now a wea l th of 
in format ion on hadron structure 

details and QCD parameters f rom a 
w ide range of experiments. The data 
is moreover in broad agreement, 
a l though there are still some differ­
ences to be reconci led. 

A l though many predict ions still 
seem to be a bit wool ly, QCD in 
general seems to be in good shape 
for a theory still so young. However a 
w o r d of warn ing came f rom Fermi­
lab Director Leon Lederman during 
an evening session on the future of 
high energy physics. Like a lot of 
people, Lederman was anxious to 
know when QCD predict ions wou ld 
reach a precision level of w i th in f ive 
per cent, but among some of the 
most severe problems aff l ict ing par­
t icle physics today, he listed 'over-
conf idence of theor is ts ' in a p romi ­
nent posi t ion. 

Brookhaven looks back... and forward 
On 2 2 May, Brookhaven Nat ional 
Laboratory celebrated the 2 0 t h an­
niversary of the br inging into opera­
t ion of the Al ternat ing Gradient 
Synchrotron. The A G S circulated its 
f i rst beam on 2 6 March 1 9 6 0 and 
reached 3 0 GeV on 2 9 July. The 
machine has subsequent ly reached 
a beam intensity of 1 0 1 3 protons per 
pulse, a thousand t imes greater than 
originally ant ic ipated. It has been 
one of the most product ive of accel­
erators for physics, count ing among 
its discoveries the muon neutr ino, 
charge-pari ty violat ion, the omega 
minus, the J / p s i , the charmed 
baryon and numerous other part icles 
and resonances. Today the A G S stil l 
sustains a v igorous p rogramme of 
high energy physics research, serv­
ing many university users w i t h a rich 
variety of beams and faci l i t ies. In the 

future it w i l l also operate as injector 
for the ISABELLE proton-proton 
storage rings. 

The anniversary celebrat ion was 
held in conjunct ion w i t h the annual 
meet ing of the A G S users' organiz­
at ion, HEDG (High Energy Discus­
sion Group). A large audience heard 
John B lewet t and Ernest Courant 
(Brookhaven), and Kjell Johnsen 
(CERN) recall the early days of 
designing and bui lding the ma­
chine. 

It was an excit ing t ime, beginning 
w i t h the invent ion of st rong focusing 
of synchrot ron beams by using alter­
nat ing magnet ic f ield gradients. This 
major breakthrough a l lowed much 
higher energies to be reached for a 
given cost ($ 3 0 M for the AGS). It is 
interest ing to note that the 1 9 5 2 
summer study leading to this inven­

t ion was t r iggered in part by the 
expected visit t o Brookhaven of a 
European group planning a Cosmo-
tron- l ike machine for the nascent 
CERN Laboratory. The visi t ing group 
immediate ly decided to adopt the 
new al ternat ing gradient principle 
for the CERN proton synchrotron. 
The fr iendly and open col laborat ion 
be tween the t w o Laboratories wh ich 
prevailed th roughout the construc­
t ion of the PS and the A G S was 
especially emphasized by Kjell 
Johnsen, w h o is presently serving as 
Deputy Director of the ISABELLE 
project. 

Other speakers reminisced about 
some of the great physics discover­
ies made at the AGS. Melv in 
Schwar tz (Stanford University) 
ta lked about f inding the muon 
neutr ino and ref lected on a 'residual 
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Pioneers of the AGS Brookhaven Alternating Below: Speakers at the 20th Anniversary 
Gradient Synchrotron alongside an early Celebration in May to mark the first 
scale-model which showed the great operation of the AGS. From left to right are 
reduction in A GS magnet aperture compared Kjell Johnsen, Nicholas Samios, Val Fitch, 
to that of the Brookhaven Cosmotron thanks Me/vin Schwartz, Samual Ting, Ernest 
to the invention of the alternating gradient Courant and John Blewett. 
focusing system. From left to right are Ernest 
Courant, Stanley Livingston, Hart I and Snyder (Photos Brookhaven) 
and John Blewett. 

level of junk' events wh i ch were t ion project, and recalled the twen t y 
probably neutral cur rents ! Val Fitch year, 4 0 mil l ion picture bubble 
(Princeton University) descr ibed the chamber programme wh ich in-
discovery of CP violat ion, an experi- eluded t w o pictures of part icular 
ment approved on the basis of a t w o - interest: the f i rst omega minus and 
page proposal w i t h no detai led back- the f irst charmed baryon. Sam Ting 
ground calculat ions. Nick Samios (MIT) ta lked about the exper iments 
(Brookhaven) read an excerpt f r o m leading to the famous J / p s i part icle 
the six-page letter f r o m Leland wh ich helped usher in the new age of 
Ha w o r t h ( former Director of BNL) to high energy physics w i t h charm, 
the A tom ic Energy Commiss ion beauty and other gracious qual i -
wh i ch just i f ied the A G S construe- ties. 

The celebrat ion was concluded 
w i t h a recept ion and banquet, h igh­
l ighted by after-dinner speeches 
f r om Maur ice Goldhaber, fo rmer 
Brookhaven National Laboratory D i ­
rector, and C.N. Yang of SUNY Stony 
Brook. 

Looking forward 

Whi le the A G S proton synchro­
t ron looks back over 2 0 years of 
highly successful and product ive 
operat ion, Brookhaven is in the env i ­
able posi t ion of being the scene of 
the const ruc t ion of the major new 
USA high energy physics faci l i ty and 
has other physics projects under 
way. 

The ISABELLE 4 0 0 GeV pro ton-
proton storage rings are now in a 
fair ly advanced stage of construc­
t ion w i t h the f i rst exper imental halls 
tak ing shape. However, problems 
remain w i t h the machine's super­
conduct ing magnets. The National 
Synchrot ron Light Source, sche­
duled to come into operat ion next 
year, wi l l be another addit ion to 
Brookhaven's considerable range of 
research tools. A t the same t ime, the 
venerable AGS, w i t h an impressive 
list of physics mi lestones to its 
credit, has a v igorous ongoing 
programme. A G S themes include 
exploi tat ion of intense separated 
beams, w i t h ref ined measurements 
looking for subt le effects, and 
detai led invest igat ions in special 
areas. A t A G S energies, invest iga­
t ions of specif ic f inal states have 
reduced background to contend 
w i th , so low energy is somet imes an 
advantage, rather than a d isadvan­
tage ! 

The progress on ISABELLE was 
covered by Harold Hahn at the inter­
nat ional accelerator conference at 
CERN (see page 2 3 1 ) . For exper i­
ments, the big sell ing point is 
ISABELLE's high design luminosi ty 
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A theoretician's view of how interactions 
will look at the ISABELLE proton-proton 
collider now under construction at 
Brookhaven. It is the work of ISAJETr an 
event generator written by Frank Paige and 
S.D. Protopopescu. 

(in the 1 0 3 2 range). However such a 
high event rate creates its o w n 
instrumentat ion problems, and 
these are already being tackled. 

ISABELLE wi l l have six intersec­
t ion regions, sited at the two , four, 
six, eight, ten and twe lve o'clock 
posit ions on the ring. The six and four 
o'clock halls are under construct ion, 
and work for the t w o o'clock hall is 
scheduled to begin shortly. 

Whi le formal proposals for ISA­
BELLE experiments are not expected 
unti l next year, the general f o rm of 
the experimental areas has been 
d rawn up after a dialogue w i th 
potential users. Hywel Wh i t e heads 
ISABELLE's Experimental Areas 
Division. 

ISABELLE's Detector Division, 
under Bill Wil l is, has commiss ioned 
research and development projects 
to look into the special requirements 
of handling the machine's luminosi ty 
and extract ing new physics f rom 
high background rates. However at 
w ider angles, event rates wi l l drop 
off and present less of a problem. 

The instrumentat ion R & D areas 
already picked out include calor i ­
meter design to measure hadron jets 
w i t h good energy resolution, extend­
ing drift chamber techniques to 
cover wi re lengths measured in 
metres and providing good space 
resolution, and particle ident i f i ­
cat ion. 

Globally, the idea is to have the 
big, flexible detectors needed to 
exploit ISABELLE's interact ions 
ready as early as possible rather than 
gradually building up detect ing 
power as t ime goes on. In this way it 
is hoped that interesting and unex­
pected phenomeha wi l l not lie unob­
served during the early years of 
machine operation. 

A t the AGS, there is an attract ive 
programme looking at, for example, 
the deep symmetr ies of kaon phy­
sics (see June issue, page 1 56) . 

Other A G S experiments wi l l look 
into special investigations on, for 
example, exotic and special states — 
exotic atoms, mult iquark systems, 
baryonium, hypernuclei etc. In addi­
t ion, the AGS has to face up to its 
new role of the proton source for 
ISABELLE. 

A major new project is afoot in the 
neutr ino beamline, where a B r o w n / 
Brookhaven/Univers i ty of Pennsyl­
van ia /Japanese col laboration is 
building a detector containing 1 5 0 
tons of l iquid scinti l lator, inter­
spersed w i th drift tubes. This major 
new addit ion to Brookhaven's neu­
tr ino physics effort wi l l , for example, 
study the scatter ing of muon- type 
neutr inos on electrons. This could 
shed new light on possible neutr ino 
oscil lations. The work has benef i t ted 
by funding result ing f rom the recent 
US/Japanese high energy physics 
agreement. 

Despite a reduction in running 

hours brought about by budget 
restr ict ions (28 weeks per year 
rather than 3 6 or 38 ) , the range of 
f loor exper iments supported by the 
A G S at any t ime has been extended 
by the provision of a new bigger 
swi tchyard w i t h four beams pro­
vided in the same space wh ich 
previously provided three (see J u l y / 
August issue, page 198) . A new 
curved beamline wi l l cater for more 
new experiments, including polar­
ized proton physics. 

On a complete ly different front, 
the National Synchrotron Light 
Source (NSLS) brings some of the 
f lavour of big science to small 
science. Providing a cont inuously-
tunable source of e lectromagnet ic 
radiat ion, the NSLS wi l l cater for 
exper iments on the study of solid 
surfaces. X - ray crystal lography, X-
ray scat ter ing (usefully comple­
ment ing the neutron scatter ing work 
done using the Brookhaven reactor). 
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Hywel White, head of the experimental areas 
division of ISABELLE, at the wide-angle 
experimental hall under construction at the 
'6 o'clock' intersection region. 

(Photo Brookhaven) 

X-ray l i thography, microscopy, etc. 
As wel l as the Laboratory develop­

ing inst rumentat ion packages for 
NSLS users, the aim is obviously to 
a l low users to install their o w n 
instruments. In return for free pho­
tons, these user-developed units wi l l 
be expected to be available for 2 5 
per cent of their running t ime for 
other users. These new instruments 
wi l l make w h a t were once physics 
'effects' into useful new measuring 
techniques. Commercia l and pro­
prietary users are also keen to get 
NSLS t ime. 

Brookhaven's particle physics 
commun i t y faces the future w i th 
confidence. Their impressive track 
record of achievements looks as 
though it is far f rom being a closed 
book. 

PEP, and more besides... 

W i t h the PEP electron-posi t ron stor­
age ring now operat ional and f i rst 
physics events being logged, there is 
a lot of exci tement in the air at 
SLAC. 

One big selling point of PEP is its 
relatively high design luminosi ty 
(max imum 1 0 3 2 per c m 2 pers) . Coll i­
sion energies extend f r om 8 to 3 6 
GeV, and could go on to 4 0 GeV w i th 
the installation of some addit ional r.f. 
power. Still higher coll ision energies 
could be attained by col l iding an 1 8 
GeV positron beam in PEP w i t h an 
electron beam f rom the linac, 
boosted to about 5 0 GeV by the 
cont inuing energy development pro­
g ramme (SLED II). 

Wh i le many people think that 
bound states of top quarks and their 
ant iquarks ( toponium) are out of 
reach of PEP and PETRA, this has yet 
to be proved. But even if topon ium is 
beyond PEP's reach, l ighter states 
containing just one top quark could 
be picked up. 

Other physics aims include the 
study of hadron jet structure, wh ich 
is still in its infancy, and possible new 
heavy leptons. The delicate interfer­
ence effects between weak and 
electromagnet ic interactions should 
be detectable, whi le two -pho ton 
physics (interactions between the 
vir tual photons produced f rom an 
electron and a positron) is another 

area of g rowing interest. 
PEP has six beam intersection 

regions (numbered evenly f rom 2 to 
12), and as the machine started up, 
f ive detectors were ready to take 
data — Mark II and DELCO (both 
w i t h SPEAR experience behind 
them), the M A C magnetic calor imet­
er, a free quark search and a scan for 
magnet ic monopoles. (We managed 
to get some details of the experi­
mental p rogramme confused in the 
J u l y / A u g u s t issue; these para­
graphs give the correct situation). 

Mark 11, a Berke ley /SLAC col labo­
ration, was moved last year f rom the 
wes t pit at SPEAR, where it had 
done ster l ing work, to PEP's interac-
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One of the first experiments to take data at 
PEP was this small detector built by a 
Berkeley / SLAC group to look for signs of 
magnetic monopoles. * 

(Photo Joe Faust) 

t ion region 1 2. One of the f i rst PEP 
detectors to take data, Mark II plans 
to look closely at hadron product ion 
over the PEP energy range. 

The M A C calor imeter ( termed 'B ig 
Mac ' by some) is a Colorado / 
Northeastern / SLAC / Utah / 
Wiscons in col laborat ion instal led in 
PEP interact ion region 4. It is we l l -
sui ted to measure hadron produc­
t ion rates and to look for leptons. 
A l though it was ready for the f i rst 
PEP beams, some of the outer dri f t 
chambers surrounding the central 
calor imeter have stil l to be in­
stal led. 

A lso already taking data is a quark 
search by a Berkeley / Frascati / 
Hawai i / Nor thwestern / Stanford 
group. The apparatus is designed to 
measure electric charge to w i th in 
± 0 . 0 4 , and so should easily pick up 
any f ract ional ly-charged part icles 
around. It uses intersect ion 6, but 
wi l l be replaced eventual ly by the 
High Resolution Spect rometer using 
the big superconduct ing magnet 
f r o m the old 1 2 foot Argonne bubble 
chamber. 

A t intersect ion 10 is a Be rke ley / 
SLAC monopole search using a 
specially constructed th in sect ion of 
the PEP vacuum chamber. Highly 
ionizing tracks wou ld show up after 
etching the plastic mater ial of the 
detector after long exposure. 

Like Mark II, DELCO (Ca l t ech / 
SLAC/S tan fo rd ) has SPEAR operat­
ing experience behind it, but has 
been upgraded for PEP, where high 
mult ipl ic i t ies are expected. DELCO 

Pole base being fitted during the assembly 
of the apparatus for the Time Projection 
Chamber (TPC) experiment at PEP. In the 
background can be seen part of the 
apparatus of the Amsterdam / Davis / Santa 
Barbara / San Diego experiment to study 
two-photon interactions and which will 
eventually straddle TPC at PEP's 
intersection 2. 

(Photo Joe Faust) 
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A new development with the hybrid detector 
at SLAC, where the one metre bubble 
chamber has been equipped with a high 
resolution camera capable of seeing bubbles 
just 50 microns in diameter. Seen here is 
an interaction in the chamber and an 
enlargement of the vertex. 

already has achieved much at 
SPEAR and looks for more physics 
honours at PEP. It w a s replaced at 
SPEAR in 1 9 7 8 by the Crystal Ba l l 
and next year Crystal Ball wi l l once 
more fo l low in DELCO's foots teps 
and move to PEP. Whe the r the Crys­
tal Ball wi l l replace DELCO at inter­
sect ion 8, or whe ther the t w o detec­
tors wi l l al ternate is stil l not 
decided. 

Detectors lined up for PEP include 
the High Resolut ion Spect rometer 
(Argonne / Berkeley / Indiana / 
Michigan / Purdue / SLAC). The big 
superconduct ing m a g n e t t rucked 
overland f rom Argonne amid a blaze 
of publicity, has been sl ight ly mod i ­
f ied and is now to provide a hor izon­
tal magnet ic f ield instead of a ver t i ­
cal one. Inside the magnet wi l l be 
dri f t chambers and a barrel shower 
counter. 

The T ime Project ion Chamber 
(TPC) of the Berke ley /Johns Hop­

k i n s / R i v e r s i d e / T o k y o / U C L A / Y a l e 
col laborat ion wi l l occupy the central 
part of intersection 2. A special 
detector to look at t w o photon reac­
t ions is being built by an Ams te rdam 
/ Davis / Santa Barbara / San 
Diego group and wi l l straddle TPC. 

The small SPEAR ring is now 
almost lost in the SLAC landscape, 
but has produced a vo lume of 
physics informat ion out of all propor­
t ion to its size. SPEAR is far f r om 
being made redundant by PEP. 
Besides operat ing as the Stanford 
Synchrotron Radiation Laboratory, 
SPEAR still has the Crystal Ball in 
operat ion in the east pit. In addit ion a 
new Mark III detector is being built 
by a Ca l tech / l l l i no is /San ta C r u z / 
S L A C / W a s h i n g t o n col laborat ion to 
occupy the wes t pit vacated by Mark 
II. The Crystal Ball has just c o m ­
pleted a new scan of the tota l hadron 
cross-sect ion. Both these detectors 
wan t to look for the F meson 
reported by DESY, but wh ich has so 
far escaped detect ion at SLAC. 

A t the linac itself, beam energies 
of up to 3 3 GeV have been at tained 
as a result of the SLED I energy 
improvement programme. In addi­
t ion, prototype equipment to a l low a 
fur ther energy boost (SLED II) is 
being installed as part of the acceler­
ator development programme. 

End Stat ion A, scene of many 
i l lustrious exper iments including the 
f irst measurement of the interfer­
ence between weak and electro­
magnet ic interactions, is n o w only 
used for test beams. 

The LASS large-angle spectro­
meter operates in End Stat ion B, and 
the hybrid bubble chamber is n o w in 
End Stat ion C so as to be able 
to exploit the new monochromat ic 
back-scat tered photon beam. 

An interest ing new development 
w i t h the hybrid detector is a h igh-
resolut ion camera capable of seeing 
5 0 micron diameter bubbles in the 

one-metre chamber. First pictures 
have been taken and the col labora­
t ion hopes soon to have some results 
on charm photoproduct ion. 

As a result of the recent U S / 
Japanese agreement on col labora­
t ion in high energy physics, the 
hybrid bubble chamber and LASS at 
the linac, and the TPC detector at 
PEP, wi l l benefit f r om Japanese 
funding. 

One c loud on the horizon is US 
funding. SLAC is perhaps for tunate 
that, unlike the proton Laboratories, 
it can absorb cuts in operat ional 
budgets by feeding its e lectron-posi­
t ron rings at low linac pulse rates (60 
per s instead of a possible 3 6 0 pers) . 
However th is disturbs those f ixed 
target exper iments (like LASS) 
wh i ch prefer to log events at a high 
rate. Other operat ional problems are 
posed by regional power restr ict ions 
(brownouts) . However despite these 
problems, the SLAC physics pro­
g ramme, retains its t radi t ional high 
quali ty. 
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Preparing for 
1000 GeV physics 
at Fermilab 

Aerial view of the experimental areas at 
Fermilab, which receive beam from the main 
ring, away to the right. The three areas are 
the Meson Laboratory (bottom). Neutrino 
(centre and centre left) and Proton (top), 
although these days these labels are far 
from accurate descriptions of the physics 
carried out. * 

(Photo Fermilab) 

Whi le work cont inues to equip the 
Fermilab ring w i th superconduct ing 
magnets, at tent ion is also turn ing to 
the task of adapt ing the beamlines 
and experimental areas for the 
physics programme wh ich wi l l ex­
ploit the availabil i ty of 1 0 0 0 GeV 
protons. 

W i t h the PEP and CESR storage 
rings in operat ion at SLAC and 
Cornell, and the ISABELLE coll ider 
under construct ion at Brookhaven, 
Fermilab provides US physicists 
w i t h their major out let for f ixed 
target physics. But Fermilab also 
plans to have its collider, w i t h 1 TeV 
proton and ant iproton beams proba­
bly coming together in t w o exper i­
mental areas (al though plans for 
only one detector are presently 
tak ing shape). 

Despite the appeal of a coll ider 
project whose centre of mass energy 
wi l l outstr ip anyth ing made by man, 
Fermilab Director Leon Lederman 

sees the Tevatron f ixed target 
p rogramme as his initial pr imary 
object ive. He advocates that Fermi­
lab, as a national Laboratory, should 
cater for a w ide range of exper i­
ments and a broad user base. For the 
Tevatron, he envisages a pro­
g ramme of smaller, faster experi­
ments using mul t i -purpose spec­
t rometers. 

Russ Huson, Head of the Acceler­
ator Division, aims to convert the 
bulk of the existing three-way spli t 
to the experimental areas for 
1 0 0 0 GeV operat ion before the Te­
vatron itself comes on. One initial, 
and crucial, task is to install a str ing 
of 2 0 superconduct ing magnets in 
the ' left bend ' wh ich serves the 
Meson Laboratory. (The three exper­
imental areas at Fermilab are 
labelled the Meson, Neutr ino and 
Proton Laboratories, a l though these 
are not necessarily accurate descr ip­
t ions of the respective physics 

exper iments they house.) 
The superconduct ing magnets for 

the r ight bend, serving the Proton 
Laboratory, are scheduled for a f e w 
years ' t ime. A l though the beamlines 
serving the Neutr ino Laboratory wi l l 
contain only convent ional magnets, 
a lot of modi f icat ions have to be 
carried out, including the instal lat ion 
of ten thousand tons of steel shield­
ing f rom the old Argonne ZGS. 

In the Meson Laboratory, the M 6 
cryogenic hadron beamline is in 
operat ion, and according to Re­
search Division Head John Peoples, 
means that Fermilab has 'crossed 
the Rubicon' in the large scale appl i ­
cat ion of superconduct iv i ty . 

M 6 contains east and wes t 
branches. The wes t branch contains 
the MPS mult ipart ic le spectrometer, 
wh i ch after its initial appl icat ions 
n o w operates as an open user faci l i ­
ty. Using MPS and a large calor ime­
ter, a Caltech / Fermilab / Ill inois / 
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The M6 superconducting beamline in 
Fermilab's Meson Laboratory. The successful 
operation of this beamline marked a 
significant milestone in Fermilab's 
superconducting programme. 

(Photo Fermilab) 

Indiana / Mary land / Rutgers col la­
borat ion is soon to embark on a 
study of jet s t ructure. Another 
scheduled MPS exper iment is by an 
Arizona / Fermilab / Florida State / 
Notre Dame / Tuf ts / Vanderbi l t / 
Virginia col laborat ion looking for 
resonances decaying into t w o pairs 
of charged particles. 

In the M 6 east branch, an experi­
ment s tudying elastic scat ter ing at 
large m o m e n t u m transfer is making 
way for another jet study, this one 
using the sophist icated calor imeter 
of an Argonne / Fermilab / Lehigh / 
Pennsylvania / Rice / Wiscons in 
group. 

I n t h e M I beamline, previously the 
scene of hadronic charm product ion, 
construct ion is under way for an 
addit ional bui lding downs t ream of 
the existing hall. This wi l l house a 
new exper iment to look for signs of 
new particles in f inal states (e.g. 
d imuons) as far out as the k inema­
t ics al low. The col laborat ion includes 
part ic ipants f r om Europe and Japan 
as wel l as the US and wi l l use t w o 
big magnets f rom steel salvaged 
f rom the old Nevis cyc lot ron. 

First data has been taken in the 
M 2 line for a beam d u m p exper iment 
by a Michigan / Ohio State / 
Wiscons in group using a neutr ino 
detector contain ing 1 5 0 tons of 
shower counters. Meanwh i le 
another major beam d u m p run is 
scheduled for the neutr ino area, 
using the 1 5 foot bubble chamber. 

Neutral part icles are provided by 
the M 3 line, where an exper iment by 
a Chicago / Stanford / Wiscons in 
group has just f in ished looking at the 
propert ies of exotic a toms w i t h 
muons bound to pions. Its place is 
being taken by a similar ly composed 
col laborat ion a iming at precision 
measurements of charge-par i ty v io­
lation in neutral kaon decays. Right 
underneath M 3 is the M 4 enr iched 
negative kaon beam. 

As wel l as catching neutr inos, the 
Neutr ino Laboratory also houses 
studies w i t h secondary hadron 
beams serving the hybrid detect ion 
system composed of the 3 0 inch 
bubble chamber and the CRISIS 
electronic inst rumentat ion d o w n ­
st ream. Muon beam studies have 
also been carried out, but fu ture 
muon users wi l l be catered for by a 
new beam providing particles of up 
to 8 0 0 GeV. This wou ld require an 
exper imental area some 6 0 0 metres 
fur ther downs t ream than anything 
wh ich exists so far. The Chicago 
cyclotron magnet, now largely re­
built, could be moved f rom its 
present home in the neutr ino area for 
these new muon exper iments. 

Neutr ino exper iments proper at 
Tevatron.energies are expected us­
ing the Caltech / Fermilab / Rocke­
feller / Rochester detector conta in­
ing 1 2 0 0 tons of iron, and using the 
15 foo t bubble chamber. D o w n ­
st ream of the big bubble chamber, a 
new exper iment by a Fermilab / 
Mich igan / M IT / N. Illinois group 
wi l l soon come into operat ion. 
Upst ream of some toroids f rom the 
old Fermilab / Harvard / Pennsyl­
vania / Wiscons in (HPWF) appara­
tus, this experiment has a 5 0 0 ton 
detector using f lash chambers w i th 
magnetostr ic t ive readout. It is we l l -
sui ted to measure neutral current 
interact ions and neutr ino-electron 
coll isions. 

The U S / J a p a n / C a n a d a col labo­
rat ion using an emuls ion target and 
downs t ream spectrometer in the 
neutr ino beam has already reported 
a dif ference between the l i fet imes of 
charged and neutral charmed part i ­
cles. It is now improv ing its appa­
ratus for fur ther measurements. 
Another emulsion exper iment uses 
an emuls ion stack placed inside the 
1 5 foot bubble chamber. 

Another possibil i ty is the instal­
lat ion in the Fermilab neutr ino beam 

of the detector f rom CERN used by 
the CERN / Dor tmund / Heidelberg 
/ Saclay t eam led by Jack Ste in-
berger. No dates have been f ixed, 
and one immedia te problem wou ld 
be to f ind a home for this huge 
detector, wh i ch wou ld be dif f icult to 
accommoda te in the exist ing halls. 

The Proton Laboratory is now 
entirely devoted to exper iments w i t h 
secondary beams of hadrons and 
photons. A big effort here has gone 
into the const ruct ion of a major new 
spect rometer for use in a tagged 
photon beam by a number of differ­
ent exper iments. There is a separate 
broad band neutral beam for either 
photoproduct ion studies or for 
charm (or charm-associated) pro­
duct ion. These various neutral 
beams make up the now enlarged 
proton east area. 

In the central proton area, the 
exper iment wh ich discovered the 
upsi lon in 1 9 7 7 has been removed 
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Apparatus for a Tevatron-compatible 
experiment at Fermilab which will soon 
produce data on dilepton production at high 
energies. By an Athens / China /Fermilab / 
McGill / Michigan collaboration, it uses 
an unseparated beam of antilambdas to 
provide, among other things, antiprotons. 

(Photo Fermilab) 

and replaced by a Fermilab / Iowa 
State / Yale group using a charged 
hyperon beam. The Fermilab / Yale 
exper iment using a streamer c h a m ­
ber to study rare decays is scheduled 
to move here f rom the Meson Labo­
ratory. 

Proton W e s t is a new high inten­
sity area and is the scene of t w o 
experiments looking at d imuon pro­
duct ion. One is the Chicago / Prince­
ton group using a spect rometer 
made f rom the old Cosmotron mag­
net hoping to see detai led effects in 
the d imuon spect rum, whi le the 
other is an Athens / Fermilab / 
McGi l l / Michigan col laborat ion, 
w i t h Chinese assistance. This is a 
major project, and wi l l use pions and 
ant iprotons coming f rom the decay 
of lambda antipart icles. As wel l as 
looking at the cont inuum product ion 
of muon pairs by quark e lec t romag­
netics, this experiment wi l l also be 
able to scan for possible new heavy 

states. It should complement the 
data obtained by the NA3 group at 
CERN. 

Preparing for the t ime when the 
Tevatron runs as a proton-ant ipro-
ton collider, a big detector is being 
designed to moni tor the 2 TeV 
centre-of-mass coll isions. The f inal 
fo rm of this detector is not yet 
decided, but basically it wi l l have a 
1.5 T superconduct ing solenoid w i t h 
f ine ly-segmented shower counters 
and calor imetry outside. The detec­
tor wi l l surround the Tevatron beam 
pipe, but wi l l also have to contend 
w i t h the 5 0 0 GeV ring. Unless a 
bypass is constructed, this ring wi l l 
have to pass through the detector. 

Preparing a physics programme 
for a w ide user base whi le having to 
endure f iscally enforced machine 
shu tdowns poses obvious problems. 
However, the reduced power requi­
rements of the Energy Saver offers 
the promise of some 4 8 weeks of 

running per year for the same energy 
bill as some 3 2 weeks per year w i th 
the convent ional magnet ring. 

Fairly soon, Fermilab wi l l be the 
scene of the highest particle ener­
gies in the wor ld , both for f ixed target 
and for col l iding beam experiments. 
This wi l l make the Laboratory a real 
wor ld focus for physics research and 
could open the door to new and 
signif icant discoveries. 

Helium transfer 
line tested 
The f irst segment of the hel ium 
transfer line, that wi l l eventually run 
around the Fermilab Main Ring on 
top of the berm, has been completed 
and successful ly tested. The line is 
an impor tant ingredient in the con­
st ruct ion of the Energy S a v e r / 
Doubler. 

It was a major accompl ishment for 
the Energy Saver Cryogenics Group. 
The transfer line is 9 0 0 feet long (the 
second longest hel ium transfer line 
in the wor ld , second only to the one 
in the Proton Area at Fermilab) and 
runs f rom the refr igerator in the A1 
service bui lding to the refrigerator in 
the A 2 service bui lding. 

It covers 1 / 2 5 of the distance 
around the Main Ring. W h e n c o m ­
pleted, the ful l transfer line wi l l be 
suppl ied f rom the Central Hel ium 
Liquefier Facility, wh ich recently 
came on line as the wor ld 's largest 
producer of l iquid hel ium. The refr i­
gerator in the A 1 service building is 
operat ing at this t ime as a miniature 
CHLF making l iquid hel ium. The 
hel ium then moves through the 
transfer line as supercri t ical hel ium 
(liquid hel ium under high pressure) 
to the A 2 refr igerator that is operat­
ing as a normal satell i te refrigera­
tor. 

The transfer line is coaxial and 
carries more than one f luid. The 

2 5 0 CERN Courier, Sep tember 1 9 8 0 



Around the Laboratories 

supercr i t ical hel ium is carr ied in a 
stainless steel pipe, 1.77 inches in 
diameter, surrounded by a vacuum. 
Next comes a supercooled l iquid 
ni t rogen shield at minus 31 5°F and 
several more vacuum spaces. The 
total outs ide d iameter of the tube is 
more than six inches. 

The temperature of the hel ium is 
minus 450°F . During the test , d rop­
lets took twe lve hours to move f rom 
the A1 bui lding to the A 2 bui lding. A 
droplet of hel ium w a r m e d up by 
20°F and a droplet of n i t rogen by 
1 0°F in passage. 

The next steps are to extend the 
line to the A 3 bui ld ing, then to the 
nearby Central Hel ium Liquefier Fa­
cil ity, and back to the A 4 bui lding. 
The system has been designed so 
that despite any fai lure in the line 
(when a segment around the ring is 
'lost") the sys tem wi l l cont inue to 
operate unaffected. 

A t present, three refr igerators are 
running and t w o compressors are 
operat ional . The A1 refr igerator 
cooled the str ing of 2 5 supercon­
duct ing magnets in the A1 tunnel 
that were used in an early test of the 
superconduct ing sys tem. The A 2 
refr igerator is being used to cool a 
str ing of for ty superconduct ing mag ­
nets in the A 2 tunnel . These 
magnets and their associated cryo­
genic system are n o w undergoing 
tests. The B1 refr igerator provides 
the l iquid hel ium that cools the str ing 
of t w e n t y magnets in the B 1 2 test 
faci l i ty. 

CERN 
Successful tests 
of argon chamber 
Bubble chambers refuse to die. This 
detect ion technique, wh i ch has 
poured out such a colossal amoun t 
of beaut i fu l physics data over the 
past f e w decades, looked like being 
superseded by the improv ing abi l i ­
t ies of electronic detectors w i t h their 
addi t ional advantages of select iv i ty 
and rapid data tak ing rates. But 
bubble chambers are bouncing back 
in hybrid systems and rapid cycl ing 
versions. There are new develop­
ments in associated techniques such 
as holography (see June issue, page 
154) and recently there was a 
successful demonst ra t ion at CERN 
of the use of argon as the chamber 
l iquid. A rgon has several interest ing 
propert ies wh ich might be exploi ted 
over the next f e w years. 

Particle tracks recorded in an argon bubble 
chamber for the first time at the CERN SPS. 
The use of this bubble chamber liquid has some 
very interesting advantages. 

The idea of using argon had been 
proposed several t imes in the past 
but it is bel ieved that the recent tests 
in a pion beam at the SPS are the 
f i rst ever to show that part icle t racks 
can be obta ined in argon. Simi lar 
results we re also achieved in 
n i t rogen and in argon-n i t rogen mix­
tures. The bubble chamber specia l ­
ists involved were G. Harigel, 
G. Linser and F. Schenk. 

The use of argon could a l low more 
in format ion to be d rawn f rom the 
interact ion region (rather than f rom 
outs ide the bubble chamber w i t h 
surrounding electronics as in the 
usual hybr id systems). For example, 
in t roducing w i res into the chamber 
vo lume for charge col lect ion w o u l d 
give calor imeter type in format ion. 
Immed ia te data on the energy 
content of hadron or e lec t romag­
netic showers could thus be ob ­
ta ined as we l l as the visual in fo rma­
t ion f r o m the bubble chamber 
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Total cross-section differences in pure spin 
states extracted from experiments with 
polarized beams and polarized targets at 
the Argonne Zero Gradient Synchrotron. 

picture. (This is now being tr ied at 
CERN.) There is also the possibil i ty 
of measuring the relativistic rate of 
rise of ionization and thus identi fy ing 
high momen tum particles w i th the 
help of bubble count ing. 

Liquid argon is an appropriate 
scint i l lator material and the fast 
signal of the scinti l lat ion light when 
events occur could be picked up by 
external photomult ip l iers to tr igger 
the taking of a photograph. Argon 
has the advantages of being cheap, 
of being an inert gas and of being 
cooled to the necessary temperature 
condit ions (around 130 K) by liquid 
ni trogen. A much smaller vo lume 
swing is required than w i t h the usual 
heavy liquids in order to become 
sensit ive for track format ion. The 
expansion system can thus be rather 
similar to the types used in hydrogen 
bubble chambers. 

Pictures were obtained at CERN 
w i th pure argon using a 2.7 I test 
chamber. The track qual i ty was 
excellent and control of chamber 
condit ions was easy. The results 
w i th a rgon/n i t rogen mixtures 
showed that it wou ld be possible to 
adapt chamber propert ies to par t icu­
lar requirements concerning radi­
at ion lengths as is already done w i th 
hydrogen /neon mixtures. If the tests 
cont inue to be successful, then 
much larger argon bubble chambers 
could soon appear on the scene. 

ARGONNE 
Results on 
dibaryon states 
One of the more interest ing experi­
mental results to come out of the last 
days of the polarized beam pro­
gramme at the Argonne Zero Gra­
dient Synchrotron was the large 
energy dependence in proton-proton 
total cross-section difference in pure 
longitudinal spin states (see October 

issue 1 9 7 7 , page 330,and October 
1 9 7 8 issue, page 3 4 7 ) measured by 
the Argonne polarized target group. 
Together w i th data on the cross-
section in transverse spin states 
(from Michigan / Argonne / St. 
Louis and Rice / Houston groups) 
and measurements of polarization 
and spin correlations in elastic scat­
ter ing (by several experimental 
groups), this has led to interpreta­
t ions regarding dibaryon reson­
ances. This interpretat ion has been 
supported by some proton-proton 
phase-shift analyses and other kinds 
of evidence, both experimental and 
theoret ical. 

The existence of isospin one diba-
ryons suggests the existence of s imi ­
lar isospin zero states and indeed 
some MIT 'bag-model ' calculat ions 
predict many such states. The meas­
urement of the total cross-sect ion 
dif ference in pure spin states for 
proton-neutron interactions gives in­
format ion on both isospin one and 
isospin zero states. The isospin zero 
channel is free of nucleon-lambda 
product ion so that the interpretat ion 
of the results is simpl i f ied. 

During 1 9 7 8 and 1 9 7 9 , the polar­
ized target group at the ZGS meas­
ured the total cross-section differ­
ence in longitudinal spin states for 
proton-deuteron interact ions w i th a 
polarized beam and polarized deute-
ron target. This appears to be the 
most viable way at present to obtain 
the informat ion on proton-neutron 
interact ions since polarized neutron 
beams of the required intensity and 
energy are not easily produced. 

Final analysis is almost complete 
and prel iminary results are available. 
There are compl icat ions in extract­
ing the proton-neutron data f rom the 
deuteron target results (including 
spin-dependent Glauber correc­
t ions, the signif icant real parts of the 
ampl i tudes. Coulomb nuclear inter­
ference, Fermi mot ion, the deuteron 

D wave, as wel l as the rapid energy 
dependence of various ampli tudes). 
The cross-sect ion difference in the 
proton-deuteron results show a 
smoo th energy dependence c o m ­
pared to the proton-proton results. 
The structure for isospin zero is 
essentially a reflection of the struc­
ture in the proton-proton results. The 
Argonne group was able to recheck 
their measuremen t during the pro­
ton-deuteron runs: because their 
target contained both protons and 
deuterens wh ich could be selectively 
depolarized. 

Data taken by a Rice group just 
before the shu tdown of the ZGS on 
proton-deuteron interactions in 
transverse spin states wi l l help to 
determine the spin singlet ampl i ­
tudes but many different types of 
data wi l l be needed to pursue all the 
quest ions raised by this part of the 
spin physics programme of the 
ZGS. 
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Improvement in ka on-pi on separation using 
a new technique with transition radiation 
detectors, from an experiment by a 
CERN/Moscow group. Rather than measuring 
total ionization charge (right), the new 
method (left) concentrates instead on the 
detection of clusters of intense ionization. 

CERN/MOSCOW 
Transition radiation 
detector 
developments 
A charged part icle mov ing a med ium 
of varying densi jy generates a 
changing electron polarizat ion in the 
medium, wh i ch gives rise to e lectro­
magnet ic radiat ion, called transi t ion 
radiat ion (TR). It is closely related to 
the more famil iar Cherenkov radi­
at ion wh i ch peaks in the ul tra-violet 
region of the spect rum, whi le TR is 
observed in the X-ray region, for 
photon energies in the keV range. 
The rate of photon product ion 
increases in proport ion to the photon 
energy, for a given threshold, and a 
TR detector can be a thousand t imes 
shorter than a Cherenkov threshold 
detector. 

For a long t ime technical problems 
prevented the pract ical appl icat ion 
of this phenomenon. These included 
the problem of developing a radiator 
w i t h low-a tomic number (in order to 
avoid photon absorpt ion in the X-ray 
region), and w i t h the correct micro­
scopic structure to ensure eff icient 
radiat ion. Also, the photons are 
radiated at very smal l angles to the 
particle track, leading to di f f icult ies 
in separat ing signals coming f rom 
the photons f rom those due to ioni­
zation. 

The f irst use of TR for high energy 
physics took place at the CERN ISR 
f ive years ago, in an exper iment on 
electron pair product ion, wh ich used 
radiators fabr icated f rom thin l i th ium 
foi l . 

A C E R N / M o s c o w col laborat ion 
has recently completed an experi­
ment to explore improved methods 
of TR detect ion, in a cont inuat ion of 
earlier wo rk together w i t h Aachen 
and Brookhaven. In this work, the 
signal due to the ionization of the 
track is effectively suppressed by 
concentrat ing on the detect ion of 
the clusters of intense ionization 
produced by the photons. (The ioni­
zation due to the track has only 
occasional clusters of this type due 
to delta-rays.) 

A dri f t of the ionization electrons 
along the track direct ion is used 
effect ively to divide the chamber into 
several layers. The number of such 
clusters is then counted, using a 
threshold of about 4 keV. This avoids 
the f luctuat ions in ionization energy, 
characterist ic of the Landau dist r i ­
but ion, wh ich l imit the accuracy of 
the standard method since it inte­
grates the total ionization signal. 

A compact set of twe lve chambers 
and carbon f i lm radiators has been 
run in hadron and electron beams at 
the SPS. W i t h the new method 
where the number of clusters is 
counted, there is a signif icant 
improvement in electron-pion and 

kaon-pion separat ion, compared 
w i t h the old method where the tota l 
ionization charge is measured. The 
electronics is also simpler and the 
requi rements on chamber gain toler­
ances are much relaxed. 

Performance is also considerably 
improved w i t h respect to previous 
TR detectors. Electrons can be sepa­
rated w i t h a pion rejection of a t hou ­
sand in less than 7 0 cm, and separa­
t ion for 1 4 0 GeV kaons and pions 
can be achieved in only 1 32 cm. 

W i t h this method of detect ion, the 
principal l imi t to the performance is 
just the stat ist ics on the number of 
photons radiated. Further develop­
ment of the radiators can be 
expected to double the number of 
photons produced, leading to fur ther 
substant ia l improvements . 
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People and things 

Dick Taylor 

On people 

Richard Taylor of Stanford Univer­
sity has been awarded the degree 
of Doctor Honoris Causa at the 
Universite de Paris-Sud, Orsay. The 
award was in recognition of his 
work which gave some of the first 
evidence for the existence of struc­
ture inside hadrons, his recent 
demonstration of parity violation in 
the interference between neutral 
current and electromagnetic pro­
cesses, and his important role from 
1958 to 1961 in the bringing into 
operation of the linear accelerator 
at Orsay. 

This year sees the 75th birthday of 
the distinguished Swiss physicist 
Ernest C.G. Stuecke/berg von Brei-
denbach. After studies at Basle and 
Munich, Stuecke/berg has held staff 
positions at Princeton, Zurich, Ge­
neva and Lausanne. His physics 

Godfrey Saxon 

activities cover a wide field, includ­
ing molecular theory and re/ativistic 
thermodynamics. However he is 
perhaps best known for his contri­
butions to quantized field theory. 
His discovery in 1953 of the re nor­
malization group has widespread 
implications in both field theory and 
solid state theory. His research in 
re/ativistic quantum electrodynam­
ics, with the integral determination 
of the S-matrix (1948) and the re­
presentation of its elements in gra­
phical form (Feynman diagrams) 
earned him universal acclaim. In 
more recent years, he has turned 
to once more to thermodynamics, 
and has written a work 'Phenome-
nological Galilean Thermokinetics'. 

Abdus Sal am has been given the 
degree of Doctor Honoris Causa by 
the University of Istanbul for 'his 
contributions to physics, his great 
ability to use physics as an efficient 

tool of peace and comprehension 
between nations and his contribu­
tion to the development of physics 
in Turkey by his continuous interest 
and by providing material and moral 
support for Turkish physicists/ 

The John G. Rutherglen prize for 
1980 goes to Stephen John Wim-
penny of Sheffield University. The 
Prize is given to a postgraduate 
student in experimental physics 
from one of the universities tradi­
tionally associated with research 
at the NINA electron synchrotron 
at Daresbury. 

Godfrey Saxon of Daresbury Labo­
ratory has been awarded the OBE 
(Officer of the Order of the British 
Empire) in the recent Queen's Birth­
day Honours List. He has been ac­
tive in the field of electron acceler­
ators since 1949 when work started 
on the design of the first linac for 
X-ray therapy. He joined Daresbury 
in 1964 and later assumed respon­
sibility for accelerator physics inves­
tigations on NINA where for the 
last three years of NINA's life he 
was responsible for the accelera­
tor's operation and development. 
He is now closely associated with 
the 2 GeV storage ring for synchro­
tron radiation experiments and has 
particular responsibility for the fu­
ture development of this machine. 

On 21 June in Florence, Antonino 
Zichichi was awarded the 'Lorenzo 
il Magnifico' European Prize for 
Science by the International Medici 
Academy. The prize aims to draw 
attention to the example of out­
standing personalities in science, 
art and literature who have hon­
oured Europe and promoted Euro­
pean ideals. Among the many scien­
tific achievements of Professor 
Zichichi, particular mention was 
made of lepton-antilepton pair pro-
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duction in hadronic interactions, 
such as led to the award of the 
1976 Nobel Prize to Sam Ting, of 
pioneering work towards the heavy 
lepton through the study of e/ectron-
muon final states in electron-posi­
tron annihilation, and of the series 
of searches for quarks. His contri­
bution to the promotion of European 
collaboration in physics was highly 
appreciated. During the same cere­
mony. President of the European 
Parliament Simone Veil was also 
awarded the 'Lorenzo il Magnifico' 
Prize in acknowledgement of her 
work for European ideals. 

Appointments at CERN Council 

At the CERN Council meeting in 
June, Director General designate 
Herwig Schopper announced his 
first two nominations for the CERN 
Directorate as from January 1981. 
Giorgio Brianti will become Tech­
nical Director with responsibility 
for the accelerator divisions and 
Site and Buildings Division. Emilio 
Picasso will become the eventual 
LEP Project Leader. Three other 
Directorate Members will be nomi­
nated soon — two for the research 
programmes and one for adminis­
tration. The appointment of Erwin 
Gabathuler as Head of Experimental 
Physics Division has been extended 
for one year from January 1981. 
Abdus Salam and L. Okun have 

Vladimir Shekhter 

been elected new members of the 
CERN Scientific Policy Committee. 
Council also paid tribute to S.A. 
Wouthuysen, who was attending a 
session of the Council for the last 
time as delegate from the Nether­
lands, a post he has held for many 
years. 

Vladimir Shekhter 

High energy theorist Vladimir 
Shekhter from Leningrad Nuclear 
Physics Institute died on 8 July after 
a merciless illness. Recognized 
mainly for his work on the quark 
structure of hadrons and muItipar­
ticle production, he recently became 
Head of the LNPI Theoretical Labo­
ratory. His untimely death comes 
as a deep shock for his friends and 
for the physics community which 
knew him. 

LEP project at CERN Council 

At the 66th Session of the CERN 
Council on 27 June the project to 
construct a large electron-positron 
storage ring, known as LEP, as Eu­
rope's next major facility for high 
energy physics research was for­
mally presented for the first time. 
The Council agreed that, particularly 
in the context of the use of the ex­
isting CERN proton accelerators 
(the PS and SPS) in the injection 
scheme for LEP, the new project 
can be considered as an extension 
of the existing CERN facilities. This 
simplifies authorization procedures 
in a number of the Member States. 
It was also agreed that the form of 
the project now under discussion 
is that known as 'Phase 1' involving 
the construction of an electron-
positron linac, an accumulator ring, 
the use of the PS and SPS in the 
injection system, the construction 
of the 10 km diameter LEP main 
ring, equipped so as to reach (ini­
tially) an energy of 50 GeV per 

beam, and the equipping (initially) 
of four experimental halls for collid­
ing beam physics. The total cost of 
Phase 1 is estimated at 900 mi/lion 
Swiss francs and it is hoped to 
finance construction from within 
existing CERN budget levels over 
a period of eight years, though first 
colliding beams could be achieved 
sooner. 

HERA meeting in Munich 

A meeting, organized jointly by 
DESY and the Max-Planck Institute 
in Munich, will be held in Munich 
on 24-25 October for those inter­
ested in the construction and later 
use of the proposed HERA electron-
proton colliding ring. The main pur­
pose of the meeting is to present 
the status of the technical studies 
and to discuss how a collaboration 
between DESY and interested insti­
tutions can be organized. Those 
wishing to participate in the meeting 
should contact P. von Handel at 
DESY not later than 1 October. 

USA-China collaboration extended 

On 19 June papers were signed at 
Fermilab extending the collaboration 
in high energy physics between the 
USA and China which first took 
formal form early in 1979. Some 
200physicists from the Peoples' 
Republic of China have been work­
ing at the USA Laboratories (Ar­
gonne, Berkeley, Brookhaven, Fermi­
lab and Stanford) in recent years 
in order to develop rapidly the ex­
pertise in accelerator technology 
which they need to construct the 
50 GeV proton synchrotron which 
is to be built near Peking. The de­
tails of the extended collaboration 
will be worked out by the US-PRC 
Joint Committee in High Energy 
Physics. 
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Signing of the agreement to extend 
collaboration in high energy physics between 
the USA and China. James Leiss, Associate 
Director for High Energy and Nuclear 
Physics, from the USA Department of Energy 
and Zhang Wen-Yu, Director of the Institute 
for High Energy Physics in Beijing sign the 
document at Fermilab assisted by Bill 
Wallenmeyer and Qian Hao. In the second 
row are W. Hartsough (Berkeley), R. Rau 
(Brookhaven), W. Panofsky (Stanford), 
T. Fields (Argonne), L. Lederman (Fermilab), 
Zhao Dong-wan, Vice-Minister of the state 
scientific and technological commission of 
the PRC and Ji Cheng, Zhu Hong-yuan, Xie 
Jia-1 in, Zhang Hon-ying, and Xiao Jian 
(Beijing). 

(Photo Fermilab) 

Symposium on History 
of the Particle Physics 

At the end of May, a second Inter­
national Symposium on the History 
of Particle Physics was held at Fer­
milab. The first (in 1977 at Minne­
sota) had covered nuclear physics 
through to the 1930s and the Fer­
milab meeting moved on from there 
with Paul Dirac on The origin of 
quantum field theory', Gilberto Ber-
nardini on The intriguing history of 
the mu meson' Viki Weisskopf on 
'Growing up with field theory (the 
development of quantum electrody­
namics in half a century): personal 
recollections', Carl Anderson on 
'Unravelling the particle content of 
cosmic rays including the discovery 
of the positron and the muon', Satio 
Hayakawa on 'Development of me­
son physics in Japan', Robert Ger-
ber on 'Elementary particle physics 

in the 30's, a view from Berkeley', 
Bruno Rossi on 'The decay of meso­
trons, 1939-1943, experimental 
particle physics in the days of inno­
cence', Willis Lamb on Fine struc­
ture of hydrogen and some other 
atoms', Julian Schwinger on 'Renor-
malization theory of quantum elec­
trodynamics - an individual view' 
and Robert Marshak on 'Particle 
physics in rapid transition'. Charles 
Weiner, a professor of the history 
of science and technology also gave 
'A historian's view of the perils of 
doing contemporary history'. 

To mark the International Sympo­
sium on the History of Particle Phy­
sics, a small exhibition was 
mounted at Fermilab of memorabilia 
spanning eighty years of the search 
for the fundamental structure of 
matter. Items on display included 
a four-inch cyclotron built by Law­
rence and Livingston in the 1930s, 
the forerunner of today's giant (and 
tomorrow's even bigger) accelera­
tors. Other exhibits reflected the 
dramatic development in instrumen­
tation which has occurred since the 
early days. In particular, a number 
of intricate mechanical devices for 
harmonic and pulse-height analysis 
displayed well the ingenuity which 
was used before modern electronics 
and computer technology made 
their impact. A more up-to-date 
item was the interactive video ter­
minal on-line to Fermilab computers 

which showed in full colour the 
Feynman diagrams describing dif­
ferent kinds of electromagnetic 
interactions. 

MARIA in Alberta 

The Government of the Canadian 
province of Alberta has given in­
terim funding for the conceptual 
design of an accelerator complex 
which will consist primarily of a 
heavy ion synchrotron giving ions 
up to A = 40 and 600 MeV/amu. 
The project has the acronym 
'MARIA' — Medical Accelerator 
Research Institute, Alberta. Situated 
close to existing hospitals, the 
centre would have extensive treat­
ment and radiographic facilities. In 
addition, there would be an experi­
mental area for fundamental re­
search in physical and biological 
science. The facility would be 
shared by a broad range of users 
covering radiography, nuclear medi­
cine, microsurgery, radiopharmacy, 
biomedical engineering and physics. 
Two injectors are anticipated, one 
of which would normally be used 
for isotope production. It is antici­
pated that construction could begin 
next year and heavy ion beams would 
be available in about five years. 

The MARIA project will be hold­
ing a number of workshops in the 
autumn to define the best approach 
for such a facility. A Workshop on 
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Radiation Oncology Beams will be 
held on 9-10 October, and one on 
Accelerator Systems and Ion 
Sources from 20-24 October. Any­
one interested in attending these 
meetings should contact the appro­
priate organizing committee, MARIA 
Project, University of Alberta, 
Edmonton, Alberta, T6G2E1, Ca­
nada. 

Cryogenic Workshop at Fermilab 

On 16, 17 June a Cryogenic Work­
shop was held at Fermilab to focus 
on helium refrigeration systems for 
superconducting high energy accel­
erators. Over 90 people, including 
representatives from the industrial 
sector and Europe (G. Horlitz from 
DESY and P. Genevey from Sac/ay), 
together with sizeable groups from 
Brookhaven, Berkeley, Stanford and 
Fermilab, attended the two-day 
meeting. Coordinators from other 
energy programmes which use su­
perconducting technology and, 
therefore, similar cryogenic equip­
ment also attended. 

One major accomplishment was 
the exchange of previously uncircu­
lated informal technical papers. Bill 

Hassenzahl of Berkeley acted as 
editor of the Workshop report, 
which includes summaries of all 
the papers presented and in partic­
ular includes summaries from the 
working groups on Compres­
sors and oil removal. Expansion 
devices. Instrumentation, Computer 
control and computer simulation, 
and Cryogenic systems. Further 
information is available from mem­
bers of the organizing committee; 
Bill Fowler at Fermilab, Don Brown 
at Brookhaven, Bill Hassenzahl at 
Berkeley and Dave Sutter at the 
Department of Energy. 

DARESBURY 
NINA magnets on offer 

A few years ago, when the 5 GeV 
electron synchrotron NINA at the 
Daresbury Laboratory was in its 
final years of operation, the mag­
nets of NINA seemed to be built 
into every new accelerator proposal 
then emerging in Europe. Now, with 
the machine closed down, the mag­
nets remain available and Daresbury 
would like to see them in action 
again if anyone could make good 
use of them. 

The NINA magnets 

Radius of curvature 2 0 . 7 7 m 
Peak f lux 0.9 T 
Field index in F magne t - 4 6 . 1 6 9 
Field index in D magne t 4 7 . 1 6 9 
Magnet ic length and physical length 3 . 2 6 2 5 m 
Field gradient in F magne t 2 . 2 2 % per c m 
Field gradient in D magnet 2 . 2 8 % per c m 
Magnet gap at orb i t cent re (F) 61 m m 
Magnet gap at orb i t centre (D) 76 .2 m m 
F magnet hor izontal aperture 1 3 0 m 
D magnet hor izontal aperture 89 .9 m m 
Excitat ion f requency (nominal) 5 0 cps 
Peak current at 0 . 6 4 3 T 1 3 6 2 A 
Approx imate w e i g h t of magnet 10 tonnes 

Left to right Robert Marshak, Paul Dirac, 
and Willis Lamb chat informally with a group 
of Fermilab theorists during the recent 
symposium on the History of Particle Physics 
held at Fermilab. * 

(Photo Fermilab) 

There are forty magnets (plus 
two spares). They are of the com­
bined function type (twenty F and 
twenty D) made of eleven blocks 
of laminations with wedge-shaped 
gaps between the blocks. There are 
four coils on each magnet, 32 turns 
on an F and 40 turns on a D type. 

For further information contact 
D.J. Thompson, Daresbury Labora­
tory, Warrington WA4 4AD, UK. 

Meanwhile both major new pro­
jects at the Laboratory are on the 
brink of operation. We hope to have 
news on the Nuclear Structure Facil­
ity (the 30 MeV tandem Van de 
Graaff) and the Synchrotron Radi­
ation Source (the 2 GeV electron 
storage ring) in the near future. 

Charm at the ISR 

In reporting the new charmed ba-
ryon candidate seen in an experi­
ment using the BEBC bubble cham­
ber (July/August issue, pages 
194-5) our summary of previous 
charmed baryon developments omit­
ted to recall the work done in this 
area by a number of experiments 
at the CERN ISR. This was reported 
in the September 1979 issue, page 
247. 

Britain at CERN 1980 

From 23-26 September, British 
trade associations and the British 
Consulate General in Geneva are 
organizing an exhibition of British 
instrumentation and electronics at 
CERN. It will be mounted in the 
Administration building and will be 
open daily. 
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Come t o Britain at CERN '80 
The Group of Associations of Manufacturers 

of Brit ish Instrumentat ion, Control and A u t o m a t i o n 
in co-operation w i th 

The Brit ish Overseas Trade Board 
and 

The Brit ish Consulate General in Geneva 

Invite you to an exhibition featuring twenty-one British Manufacturers of instruments, 
and electronics in the: 

CERN Adminis t ra t ion Bui lding 
September 2 3 - 2 6 

Daily 1 0 . 0 0 - 1 7 . 0 0 hours (Friday 12 .00 noon) 

University of British 
Columbia/TRIUMF 

Research Fel lowship 
in Muon Spin Rotation (jaSR) 
Applications are invited for a Research Scientist working in the }iSR 
Group at TRIUMF (Tri-University Meson Facility in Vancouver, 
Canada). Applicants must possess a Ph. D. in chemistry or physics and 
preferably should have a minimum of 2 years post-doctoral ex­
perience; prior experience in jiSR or a technically related field is desir­
able but not essential. 

The successful candidate will be expected to spend about 50% of his 
(or her) time coordinating the operation of a multi-user u.SR experi­
mental program at TRIUMF, and about 50% of his time on research in 
collaboration with one or more of the uSR groups. Experience with any 
or all of the following is highly desirable since they form the basic res­
ponsibilities of the position: PDP1 1 computers (present system is 96K 
operating under RSX 11-M), fast electronics and data acquisition 
(ns time resolution, MBD, Camac), liquid He cryostats, gas handling 
systems, magnet technology (mG to kG fields), beam line components 
and vacuum technology. 

Starting salary will be in the range $20 ,000 - $ 2 5 , 0 0 0 / annum, 
depending upon age and experience. Initial appointment will be for a 
term of up to three years, commencing October 1, 1980. Interested 
parties should send a resume outlining experience and research 
interests, list of publications, etc., and have 3 letters of recommen­
dation sent to: 

Professor Jesse H. Brewer, Professor Donald G. Fleming, 
Department of Physics, Department of Chemistry, 
University of British Columbia or University of British Columbia, 
Vancouver, B. C V6T 1W5 Vancouver, B. C. V6T 1Y6 
Canada Canada 

The closing date for application is September 1 5, 1 980. 

2 5 8 

SEN 

E L E C T R O N I Q U E Geneve 
Instrumentation scientifique 
recherche 

un ingenieur de vente 
nous demandons: 
- une formation ingenieur EPF ou equivalent. 
- plusieurs annees cTexperience en systemes 

CAMAC. 
- une experience en electronique rapide si 

possible. 
- anglais courant, allemand souhaite. 
- une grande puissance de travail et le gout du 

travail bien fait. 
nous offrons: 
- un travail sur des materiels a la pointe de la 

technique. 
- une ambiance stimulante dans une equipe 

sympathique. 
- les demarches pour I'obtention 

d'un permis C si souhaite. 
Veuillez soumettre vos off res a: 
SEN ELECTRONIQUE 
3 1 , avenue E.-Pictet, 1211 Geneve 13, Suisse 
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S C I N T I L L A T O R S 
With over twenty-five years as world leader in the manufacture and supply 

of Scintillators, Nuclear Enterprises has a range of plastic and liquid 
scintillators unrivalled in efficiency, size, transparency and speed. 
Scintillator "know-how" unsurpassed,- and supported by a unique 
collection of published papers and reference servicers at the disposal 
of customers. 

Items from the Company's range of particular interest to researchers 
in the Physical Sciences are listed in the Table of Physical Constants 
above. For full details request Brochure No. 126P. 

TABLE OF PHYSICAL CONSTANTS 
Decay Wave­

1 * * Light Constant, length of Content 
Output Main Com­ Maximum of Loading 
(% An­ ponent Emission Element Principal 

Scintillator Type thracene) ns nm (% by wt.) Applications 
NE102A Plastic 65 2-4 423 7 a , $ f a s t n 
NE104 Plastic 68 1-9 406 ultra-fast counting 
NE104B Plastic 59 3 0 406 with BBQ light guides 
NE105 Plastic 46 423 dosimetry 

PLASTIC IME110 Plastic 60 3-3 434 7 a,fl,iast n, etc. 
NE 111A Plastic 55 1-6 370 ultra-fast timing 
NE 114 Plastic 50 4 0 434 as for NE 110 
NE160 Plastic 59 2 3 423 use at high temperatures 
Pilot U Plastic 67 1 36 391 ultra fast timing 
Pilot 425 Plastic 425 Cherenkov detector 

NE213 Liquid 78 3-7 425 fast n (P.S.D.) 
NE 216 Liquid . 78 3-5 425 a, ft (internal counting) 
NE220 Liquid 65 3-8 425 0 29% Internal counting, dosimetry 
NE 221 Gel 55 4 425 a, ft (internal counting) 
NE224 Liquid 80 2-6 425 7 fast n 

1 lOIIID NE226 Liquid 20 3-3 430 7 insensitive to n 
L i y u i i / NE228 Liquid 45 385 n 

NE230 Deuterated liquid 60 3-0 425 D14-2% (D/C) special applications 
NE232 Deuterated liquid 60 4 430 D24-5% (D/C) special applications 
NE233 Liquid 74 3-7 425 a, ft (internal counting) 
NE235 Liquid 40 4 420 large tanks 
NE250 Liquid 50 4 425 0 32% internal counting, dosimetry 

LOADED 
NE 311 & 311A B loaded liquid 65 3 8 425 B5% M 

LOADED NE313 Gd loaded liquid 62 4 0 425 Gd0-5% n 
LIQUID NE316 Sri loaded liquid 35 4 0 425 Sn 10% 7 X-rays LIQUID 

NE323 Gd loaded liquid 60 3 8 425 GdO-5% n 

NEUTRON) N E 4 2 2 & 4 2 6 6Li-ZnS(Ag) 300 200 450 Li 5% slow n 
NE451 ZnS(Ag)-plastic 300 200 450 fast n 

(ZnS-type) NE 901, 902, 903 Glass 28 2 0 & 6 0 395 Li 2 3% n.jff 
and NE 904, 905, 906 Glass 25 2 0 & 5 8 395 Li 6-6% n 

GLASS NE 907, 908 Glass 20 1 8 & 6 2 399 Li 7-5% n 
U b n w w NE 912, 913 Glass 25 1 8 & 5 5 397 Li 7-7% r\,ft(\ow background) 

Note: B A l CELLS: All Nuclear Enterprises liquid scintillators are 
available encapsulated in glass cells of appropriate composition. 
"Bubblefree" aluminium cells are produced with white 
reflector and glass windows. Standard sizes with internal 
diameters 50 to 125mm and internal Jengths 50, 75, 125 and 
150mm. Special non-standard sizes on request. 

FLOW CELLS: A wide range of flow cells for continuous 
monitoring of liquids and gases is available. The cells have 
good counting efficiencies for 1 4 C, 3H and other isotopes. 

NUCLEAR ENTERPRISES 
25 Chemin Francois-Lehmann, 1218 Grand-Sacconex, Geneve, Switzerland. 

Tel. (022) 98-16-61. ^ 
Nuclear Enterprises Ltd Nuclear Enterprises GmbH 
Sighthill, Edinburgh EH 11 4EY, Scotland Schwanthalerstrasse 74, 8 Mlinchen 2 
Tel: 031-443 4060. Telex: 72333 Germany. Telephone 53-62-23 
Cables: Nuclear Edinburgh. Telex 529938. 
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T h e I I Ser ies 
w i t h the PFEIFFER TURBO* 

In add i t ion to individual pumps, 
fu l l y -automat ic turbo-molecular 
pumping units wh ich are ready 
to connect have been available 
f r o m the very beginning. 

* T h e P F E I F F E R TURBO is a turbo-
molecular pump which creates hydro­
carbon-free high and ultra-high 
vacuum at a constant volume f l o w rate 
for all gases betwee 10 -2 and 10-9 
mbar„ 

The new 11 series comes in three 
sizes, w i t h vo lume f l o w rates of 
110, 270 and 510 l/sec. fo r N 2 . 
Al l pumping uni ts have the same 
basic design and consist of a 
f rame, a 12 m 3 / h backing pump, 
an electronic drive system and a 
cont ro l uni t . The PFEIFFER-
T U R B O wi l l be f i t ted to suit the 
desired vo lume f l o w rate. These 
ext remely compact pumping 
units are designed to run on 
single-phase current (AC) and 

can therefore be operated w i t h 
no t roub le at al l . In comparison 
to t rad i t ional high-vacuum 
pumping units, 11 series pumps 
are smaller in size, l ighter in 
weight and lower in price. 

A R T H U R PFEIFFER 
Vakuumtechn ik Wetzlar GmbH 
Postfach 1280 
D-6334 Asslar 
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EMI E lec t ron Tubes 
B u r y S t r e e t Ruis l ip M i d d l e s e x HA4 7TA 
T e l e p h o n e : Ruis l ip 30771 Telex: 935261 EMIET G 
Cables: E m i t u b e Ruis l ip M i d d x . m ELECTRON 
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Airco's new superconductor plant. 
For people who cant get enough of a good thing. 

We've opened a new 10,000-m 2 integrated 
superconductor manufacturing plant. The 
world's largest. The most advanced. Why? 

Because we think that high energy physics, 
fusion research and advanced energy conver­
sion systems are too important to ignore their 
needs: Economies of scale, advanced manufac­
turing and quality assurance methods, major 
magnet-fabrication capability, and integrated 
systems development. 

We also have raw materials supply sources 
to match our plant's capacity to produce NbsSn, 
NbTi and VsGa superconductors. In any length 
or quantity On schedule. On spec. 

Now we're ready to match our new capacity 
quality assurance and production techniques 
against any amount of superconductors you 
need. So if you're having problems getting good 
superconductors, we have a 10,000-m2 good 
solution. 

Phone Dr. Erik Adam at the new plant today. 
(201) 541 -1300. Ask him for our 20-page four-
color capability brochure. Discuss your super­
conductor or magnet problems with him. 

Or simply give us an order. You'll soon see 
how fast we can fill it. Airco Superconductors, 
600 Milik Street, Carteret, New Jersey A inpn 
07008. U.S.A. TWX 710 998 0492. / \ m u u 

Superconductors 



Chamber Read-out 
Electronics from Plessey 

M64-01 

Important ne\# developments 
from Plessey Controls offer 
a number of outstanding 
features... 

^ Genuine multi- pulse resolution 
% Very high speed read-out 

capability 
* High reliability at low cost 

—by virtue of full monolithic 
integration 

^ Compact construction—full 
discriminator/delay/read-out 
functions 'on chamber' 

% Low power consumption—250mW 
per channel from single 5.2V rail 

The increasing use of multi-wire propor­
tional chambers in particle physics has 
stimulated attention to the read-out elec­
tronics—in particular, the technique used 
to provide the necessary delay. Of the two 
methods currently in use—the very bulky 
cable delay and the monostable delay—the 
latter offers 'on chamber' compactness but 
lacks the capability of the cable delay to 
resolve multiple pulses during the delay 
period. In the Plessey system, however, the 
use of a surface acoustic wave delay line in 
conjunction with an expressly designed 
monolithic integrated circuit has achieved 
an advanced, no-compromise solution. 

Systems can be fabricated in many ways. 
Illustrated are: 
DDR8-01: a card containing 
8 complete channels of full 
discriminator/delay/read - out 
circuitry 
M64-01: the 64-channel module 
formed by building eight DDR-80 
cards on to one control card, thus 
providing high component density 
for 'on chamber* mounting 
Also available are discriminator only 
cards, RM H compatible delay and read-out 
modules, NIM or ECL standard multiple 
delay modules, and other special 
configurations. 

These developments will be demonstrated at the 
'Britain at CERN' Exhibition from 23-26 September 
1980. Visit us on Stand No. 10 and see for yourself the 
increased perspective offered to the whole field of 
chamber read-out electronics. 

^ ^ ^ ^ PLESSEY 
C O N T R O L S 

Plessey Controls Limited, Sopers Lane, Poole, 
Dorset, United Kingdom BH17 7ER. 
Tel: Poole (02013) 5161.Telex 41272. 

W 0600 2 0333 
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La matiere plastique... ('est notre affaire 
E n«w»iK«d'ime«o«id*e 

vousconsei , ,ons°obSm 

Nous produisons... 
des pieces de haute precision 
selon les precedes les plus moder-
nes depuis plus de vingt ans. 
Nous avons les connaissances 
requises pour travailler correcte-
ment les matieres plastiques. 

60 

\a 

WOO-

Granules renf orces | 
Tous les plastomeres renforces de fibres 
de verre, de fibres de carbone, billes de 
verre, verre melange ou d'autres matieres 
de remplissage. Lubrifies au graphite, bisul-
fure de molybdene, PTFE ou silicone pour 
un fonctionnement exempt d'entretien. 
Execution ininflammable (UL 94 V.O.). 
Matieres expansables sous forme de gra­
nules, et ceci non seulement pour dix tonnes, 
mais aussi pour les petites quantites. 

T ° r l o n 4

r ^ a „ C e 

en 
granules. 

e P r a n u l 6 s i n ; ( G F ~ U P ) 

Partenaire pour les matieres plastiques CELLPACK SA, Dept produits industriels, 5610 Wohlen, Tel. 057/622 44, Telex 52 699 

When you're hot and under 
pressure feed through 

with Ferranti 
Ferranti supply ceramic to metal seals for all kinds of 

situations where a leak tight insulated connection is needed into high 
pressure or high vacuum systems, especially where high temperature 
is involved. 

We have been making ceramic to metal seals for many years 
for use in the nuclear power, aircraft and communication industries, 
and for lots of other special applications. 

Forfurther information and literature, contact 
Ferranti Electronics Limited, Fields New Road, Chadderton, Oldham, 
Lanes. 0L9 8NP 215 & 249 F E R R A N T I 

Ceramic to metal seals 
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C O I N C I D E N C E S ? 

A c o m p l e t e 

r a n g e o f f a s t 2 " P M T s 
Type cathode tr 

(ns) 
tw 
(ns) 

CTt 
(ns) 

a c e 
(ns) 

replaces 

XP2020 bialkali 1,5 2,4 0,25 0,25 56AVP, 56DVP 
XP2230B bialkali 1,6 2,7 0,35 0,60 56AVP, 56DVP 
XP2232B bialkali 2,0 3,2 0,50 0,70 56AVP, 56DVP 

XP2020Q bialkali 
on quartz 1,5 2,4 0,25 0,25 56DUVP 

XP2233B trialkali 2,0 3,2 0,50 0,70 56TVP 

PM2254B trialkali 
on quartz 1,5 2,4 0,25 0,25 56TUVP 

ANODE PULSE LINEARITY 250-280 mA 

t w — 

°ce = 

anode pulse rise 
time for a delta 
light pulse 'yp 

anode pulse 
duration FWHM for 
a delta light pulse 

s transit time spread 
for single electron 
mode 

transit time difference 
centre- edge 

• Large Cerenkov detectors: 
PM2312(3") and XP2041 (5") 
• Fast positron scanners, hodoscopes: 
XP1910 (3/4") and PM1982 (1") 

Philips Industries, Electronic 
Components and Materials Division, 
Eindhoven, The Netherlands 

It's no coincidence: we've set the standard for over 20 years 

PHILIPS Electronic 
Components 
and Materials 

P H I L I P S 
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NEW Touch-Terminal 
from NESELCO 

- Complete Man Machine Interface in one 
single unit, featuring full graphics and touch 
interaction. 
For stand alone use, or in connection with 
your computer system. 
The electronics of the intelligent Touch Ter­
minal are realised using NESELCO CAMAC 
modules plugged into the terminal from the rear. 
NESELCO manufactures and supplies the 
intelligent Touch Terminal as well as the 
following CAMAC modules: 

Independent Crate Controller 
File Module 
Touch Button Interface 
TV Rounded Character Generator 
TV Display Memory 
TV Display Controller 
TV Comp. Sync. Generator Buffer 
Video Mixer 
Button/Keyboard/Display Interface 

For further details - just call or write 

N E S E L C O A / S 
• A Subsidiary of L K - N E S 

Haydnsvej 2 
D K 2450 Copenhagen 

Tel. +1 17 33 22 
Tlx. 15679 - 15622 
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If it's a question 
of crvpgenicw 

^ (he answer 
is here. 

j§pf̂  No one can offer the research community 
lip a wider range of reliable, useful cold sources. 

HELI-TRAN® systems provide simple-to-
operate cooling in the 2-300K range. 

DISPLEX® cryocoolers offer unsurpassed 
versatility and reliability in continuous r closed-cycle cooling from 10-300K. 

HELIPLEX™ refrigerators can replace use 
of liquid helium for around-the-clock 

cooling down to 3.7K. 
Add to this the most complete selection 

of temperature controllers and indicators, 
radiation shields, vacuum shrouds, sample 

holders, and other equipment vital to ESR, NMR, 
Mossbauer effect, x-ray diffraction, and other 

low-temperature research. 
More than 1000 laboratories worldwide use our 

reliable cryogenic equipment. Send today for our 
latest catalog: Laboratory Cryogenic Systems. 

APD CRYOGENICS 
1919 Vultee Street, Allentown, PA 18103 (215) 398-8419 Telex: 84-7416 



SERVOGOR H 4 6 0 
1 - 6-channel vertical printer, accuracy 0.3%, 
adjustment t ime 0 .3 s, pr int-out line w id th 2 5 0 m m , 
easily interchangeable slide-in measuring units 
for V d. c , V a. c. and A a. c , thermocouples, Pt 1 0 0 
(linearised); zero-point suppression, l in-log recording, 
1 V monitor output for every channel. 

Recorder s y s t e m in s l i d e - i n f o r m a t 

Servogor potent iometer printers represent the acme of construct ion, precision 
and reliability. The Servogor system features the most advanced engineering 
and design, simple and foolproof operation and an impeccable after-sales 
service. 
Any measurement can be made in the best possible way w i th the aid of a w ide 
range of accessories, wh ich can even be added later. 
Servogor, the versatile modern print-out system. Ask for our technical bro­
chures — a telephone call is enough. 

MET RAW ATT AG FUR MESSAPPARATE 
Verkaufsburo Felsenrainstrasse 1 Postfach• 8052 Zurich Tel. 01 -513535 • Telex 59436 

BBC 
BROWN BOVERI 

GOERZ 
METRAWATT 
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SILENA 
The world's fastest Wilkinson type ADC. 

The most compact 4096 channels NIM MCA. 
The most versatile Charge, Amplitude 

and Time Converter. 

1024, 2048, 4096 channels NIM MCA's 
1 0 6 - 1 counts per channel 
X-axis expansion 
Roll 
Character generator 
Selection of any number of ROI's 
Spectra overlap 
ROI integration with or without background subtract ion 
Wide range of interfaces for I/O peripheral devices and computers 
Internal t iming 
Automatic cycles 

2048 channels Charge, 
Ampli tude and Time 
converter 
0,125 picocoulombs/ 
channel; 
50 picoseconds/channel 

8192 channels 
ADC, 400 MHz 
CLOCK RATE 
0 , 3 % di f feren­
tial non linearity 
0 ,025% integral 
non linearity 

8192 channels ADC, 
100 MHz clock rate 

SILENA 
SILENA S.p.A. 
S0CIETA PER L'ELETTRONICA AVANZATA 
20133 Milano 
uff ic i : Via Negroli, 10 /A 
laboratorio: Via Negroli, 6 
Tel. (02) 7490565 - 713871 

ADVANCED 

Sales agents in Benelux, Canada, France, Germany and Great Britain. CERN Courier, September 1 9 8 0 



F L O W M E T E R S 
Calibrated and 
non-calibrated instruments S 
for liquids and gas 

Available from our stock 
in Zurich 

Heraeus 
WITTMANN 

Heating bands 

Heating cables 

Heating tubes 

Power and tension 
regulators 

Ask for further information 

type 1100 

form. Wismer AG 

Oerl ikonerstrasse 8 8 
Tel. (01) 31 1 4 0 4 0 
8 0 5 7 Zur ich 

chocs - vibrations - temperature -
agents corrosifs 
lis reststent a ces agressions pour una 
bonne commutation 
Homologues air 8459 
Nombreuses adaptations sp^cifiques 

C E3 Q U 3^ (•* Tf - J\ 
mm0 1 m # mmw mm mm I # • % ^ 3 

Case postate 3051 -Flumtrasse 74 - CH 8048 ZURICH 
Tel.: <01) 52,41.20 - Telex : 57568 

NEW 
CRYOTRAN CT-310 

CONTINUOUS FLOW 
CRYOSTAT 

REDUCES LHe 
CONSUMPTION & 
OPERATING COSTS 

T h e v e r s a t i l e n e w S e r i e s C T - 3 1 0 
C R Y O T R A N c o n t i n u o u s f low, var iable 
t e m p e r a t u r e C r y o g e n i c Systems re­
qui re no shie ld g a s . . . a l l o w i n g s i m p l i ­
f i ed o p e r a t i o n w i t h r e d u c e d opera t ing 
cos ts . T h e c o n s u m p t i o n is less t h a n 
50% of the c o n s u m p t i o n by compet i t ive 
uni ts . A n d the c o m p a c t , easy- to -use 
C R Y O T R A N Series CT-310 system 
provides accurate, reliable refr igeration 
f r o m b e l o w 2K to 300K. C R Y O T R A N 
CT-310 uses accessor ies ident ica l to 
those used in the proven LTS-21 series 
c losed cyc le ref r igerator ; accessor ies 
are in te rchangeab le w i t h LTS-21 ac­
cessor ies . Special sys tem designs are 
also avai lable on request . 

Features: 
• Tempera ture range < 2K to 300K 
• Rapid c o o l d o w n * C o m p l e t e temperature 

c o n t r o l a n d read-out i n s t r u m e n t a t i o n 
• Can be used w i t h e i ther LHe or L N 2 

• M i c r o m e t e r needle valve f low c o n t r o l 
• Bi f i lar w o u n d resistance heater for 

tempera ture c o n t r o l f r o m < 2K to 
r o o m tempera ture • Accessor ies for 
near ly any a p p l i c a t i o n 

NEW CT-310 CRYOTRAN SERIES 
Continuous flow variable 

temperature cryogenic systems 
• Simplified operation • Lower LHe 

consumption*Reduced operating costs! 

For full details and literature... write, call or telex 

In Europe: Cryophysics 
O x f o r d , E n g l a n d 
( 8 6 5 ) 7 2 2 8 2 4 

G e n e v a , S w i t z e r l a n d 
(22) 3 2 9 5 2 0 

D a r m s t a d t , W G e r m a n y V e r s a i l l e s , France 
( 6 1 5 1 ) 7 4 0 8 1 ( 1 ) 9 5 0 6 5 7 8 

In North America: 

LRKE SHORE 
[RVOTRomcs, inc. 

64 East Walnut St., Westerville, Ohio 43081 
(614) 891-2243 Telex: 24-5415 Cryotron WTVL 
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Representation generale 
pour la Suisse 

Ciunkermotoren 

Reducteurs a engrenages, a vis sans fin et 
planetaires. Couples jusqu'a 2400 Ncm 
Moteurs triphases, monophases, synchro-
nes et a courant continu jusqu'a 80 watt 
Partiellement du stock 

v.mm\ 

Variateurs de Vitesse mecanique. Couples 
nominaies de 2,5 Ncm a 4000 Ncm. Gamme 
de vitesses de 0,003 min~ 1 a 2000 m i n - 1 . 
Gamme de reglage 1:10. 
Partiellement du stock 

®Strojna 

Reducteurs a engrenages ou a vis sans fin 
avec pied ou flasque equipesde moteurs 
triphases I.E.C., puissances de 0,18-4 kW, 
possibilites de reduction i = 6,26 a 99,75. 
Partiellement du stock 

Antriebselemente AG 
CH-8055 Zurich 

Birmensdorferstrasse 470 
Tel. 01 353850 Telex 54 506 tzco 

CERAMIQUES TECHNIQUES 

DESMARQUEST has been specializing in 
high-performance sintered oxide ceramics 
since 1 8 0 4 . Examples of the w ide range of 
fields in wh ich w e work are: nuclear physics, 
aerospace, electronics, mechanical engineer­
ing and medicine. 
The processes and equipment used in the 
manufacture of these components involve 
advanced technology, to ensure compl iance 
w i t h the most str ingent qual i ty requirements. 
Our quali ty assurance service, equipped w i t h 
the most up-to-date instruments, supervises 
every stage of product ion. 
Backed by our experience and highly eff icient 
processes w e are able t o manufacture 
METAL-CERAMIC components wh ich ful ly 
meet your requirements. 

DESIGN AND MANUFACTURE 
TO YOUR DRA WINGS 
AND SPECIFICATIONS 

DIVISION 

nil T 
CERAMIQUES TECHNIQUES 

Zone Industrielle N° 1 
27025 EVREUXCEDEX 

Tel.: (32) 39.15.95 
Telex 180573 F DESCERA 
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Expertise in handling all types of scintillator material 
Backed by many years of experience, a leading UK manufacturer now offers 

their highly sophisticated and specialised service throughout Europe. 
Full design, manufacturing and technical facilities available. 

For a fast and efficient service contact: 

p r e c i s i o n l i g h t g u i d e s 

VARIAN presents 
the new 936-40 Porta-testtm. 

The only helium mass spectrometer leak detector 
not requiring liquid nitrogen... 

The VARIAN 936-40 Porta-test 
is the smallest and handiest 
helium mass spectrometer 
leak detector ever devised, 
with a sensitivity up to 
10 1 0 atm cc/sec. Thanks to the 
VARIAN Contra-Flow t m 

principle, the 936-40 works 
without liquid nitrogen, even 
in the most critical working 
conditions. And, it is able 
to detect gross leaks in the 
range of 1 atm cc/sec 
without requiring a throttle 
valve. 

.and weighing less 
than 30 kg 

The 936-40 is compact 
(50 x 35 x 21 cm) and lightweight 

(less than 30 kilograms). 
This means easy leak detection, 

even in inaccessible areas. 
And, with its handy size, 

it is simple to transport. 
The 936-40 Porta-test 
from VARIAN. 
M a d e i n I t a l y 

Varian spa 
Via Varian 54 
10040 Leini (Torino) 
Tel. 011/9968086 

varian 
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I N F O R M A T I O N S A B O U T OUR C A M E R A 

N A M E 

TITLE 

C O M P A N Y 

A D D R E S S _ 

CITY 

C O U N T R Y . 

CAMERA CRATE 

RADIATION RESISTANT VIDEO CAMERA 

REF. CERN (CH), SACLAY (FR), ORSAY (FR) 

C O N S T R U C T I O N S 

É L E C T R O N I Q U E S ET M É C A N I Q U E S 

D U L É M A N - C.E.M.E.L. 

Rue Leone de Jo inv i l l e 

0 1 1 7 0 G EX FRANCE 

Tél . ( 5 0 ) 4 1 5 0 0 7 

H u n t r o n - t r a c k e r - L ' a p p a r e i l d e t e s t i d é a l p o u r le 
l a b o r a t o i r e e t le s e r v i c e a p r è s - v e n t e 

Le «dépanneur» Huntron essaie 
les composants dans le circui t : 

• diodes Zener 
• redresseur 
• transistor 

Exemple avec condensateur: 

• condensateur 
• ICs,CMOS ICs, 

etc. 

condensateur défectueux condensateur bon 

Il n'est plus nécessaire de dessouder les composants, 
50 % d'économie de temps! 

Démonstration ou documentat ion: 

du) 
Mécanique 

pour 

l'électronique 

Prix 2 2 5 0 francs, Icha non compr is 

Industriestrasse 47 , Postfach Conseil pour la Suisse 
81 52 Glat tbrugg/Zùr ich romande: R. Curchod 
T e l e f o n 0 1 / 8 1 0 14 4 3 / 4 4 rue du Sablon 25 , 1110 Morges 
Télex: 59 706 knuag ch Tél. 021 / 7 1 37 51 
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CAMAC 
The 16 bit CAMAC Computer Systems 

STACC Systems consist of: 

from SEN ELECTRQNIQUE 

feature: 
* either completely stand-alone systems 

with STACC 2107 Stand Alone CAMAC Computer 
or 

* smart front-end processors and spy systems 
with ACC 2099/ACC 2103 and CC 2089 A2 or SCC 2115 L2 
Controllers. The cycles are interleaved wi th the parallel or serial 
CAMAC branch cycles. This feature allows extended front-end 
processing facilities and real-time debugging without any 
modification to the existing software. 
As many ACC 2099 can be connected as required for 
multiprocessing programming. 

in both cases 

* 16 bit TMS 9900 microcomputer 
* up to 23 CAMAC slots free for user's modules 
* many interfaces available: 

RS 232 C, floppy disc, etc... 
* high-level powerful NODAL interpreter 

EPROM resident or disc resident wi th automatic bootstrap 
and disc-file support. 

* more user's space for application programs 
than in most mini-computer controlled CAMAC systems. 

* and a very competitive price. 

— 1 CPC 2057S fu l l -w id th we l l proven si lent CAMAC Crate 
— 1 CC 2089 A2 A2 Crate Control ler or 1 SCC 2115L2 L2 Crate Control ler 

and 
— 1 CC 2099/2103 Aux i l ia ry Crate Control ler w i th 16K-16 bit RAM, up to 8K EPROM, 

TTY and RS 232C interfaces 
or 

— 1 STACC 2107 Stand-Alone CAMAC Computer w i th 16K-16 bit RAM, up to 12K EPROM, 
TTY and RS232C interfaces 

— 1 dual dr ive 2.4 M byte intel l igent f loppy disc control ler, 
opt ions inc lude: 
— RP 2114 dual byte universal EPROM programmer 
— CI 2092 tr ip le high speed buffered RS 232C interface 
— HPIB interface 
— etc... 

France: ORTEC Sari; 7, rue des Soiets; Tel. (1) 6872571 - Tlx 202553F, F-94 RUNGIS- Germany: SEN ELEKTRONIK 
GmbH; Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital System; Radspielstrasse 8 
Tel. 089 916710 - Tlx 529167d - D-8000 MUNCHEN 81 - Switzerland: SEN ELECTRONIQUE SA; CP 39 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 9455103 
Tlx 58257ch - CH-8604 VOLKETSWIL - United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel 
9328 66744 GB - KT168AP SURREY - OFFICES THROUGHOUT THE WORLD. 

Headquarters: 
SEN ELECTRONIQUE S.A.; A v e n u e Ernest-Pictet 3 1 ; Tel. (022) 4 4 2 9 4 0 - Tlx 23359ch - CH-1211 GENEVE 13 E L E C T R O N I Q U E 



Ionization Chambers from 

PTW- FREIBURG 
for Health Physics and 
Environmental Control 

Example; Chamber with integrated power supply and amplifier 
Volume 
Range 

Output : 
Energy dependence: 

Input 

400 c m 3 

0.01. . . 1000 R/h 
0.1 .. .10000 R/h 
10 1 ... 10 6 pulse/min 
Argon-41 1 
Krypton-85 | ± 2 0 % 
Xenon-133 J 
220V/50 Hz 

Production Programme: Ionization chambers 
from 0.02...50000 c m 3 

for photons 
electrons 
neutrons 

PTW-Freiburg, Lorracher Str. 7, D -7800 Freiburg i. Br. 
Tel. Freiburg 42311 • Tlx 7721439 ptwf d 
Representatives: 
U.S.: Nuclear Associates, 100 Voice Road, Carle Place N.Y. 11514 
U.K.: Radiatron Components Ltd., 76 Crown Road, Twickenham TW1 3ET 

What others offer 
as options 

Multiwrrter 
offers 

standard 

R N I 

ERNI + Co. 
Elektro-lndustrie 
8 3 0 6 Bruttisellen 

J Tel. 0 1 / 8 3 3 33 33 
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Stesalit resolves your 
individual problems 
in fiberglass and carbon fiber 
construction 
— for science 
and advanced technic. 

Frames for 
proportional chambers 
spark chambers 
drift chambers 
coasting boxes for Cerenkov counters. 
Parts and profile material 
of all types, also in combinat ion 
w i th carbon fiber. 
Upon request parts 
can also be laminated 
w i th copper or a lumin ium fo i l . 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO 
Telefon 061-800601 
Telex 63182 03.003 

P r e c i s i o n -
P o w e r -
S u p p l i e s 
Stability up to 10"6/8h 
up to 150kV, up to 20 OOO A, up to600kW 

u p e r - f f l a t -
primary switched 

Writeforcatalog! ffgggSL, 
O TeL08031/ 

66397+66116 
Telex: 05 25777 

H e r a e u s 
is your contact for 

B e r y l l i u m 
Foil 
Sheet 
Vacuum hot pressed block 
Machined parts 
Fabricated components 
Radiation windows 
Single crystals 

W.C. Heraeus GmbH • Produktbereich Sondererzeugnisse 
Postfach 1553 • 6450 Hanau • Telefon 06181 /360535 
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LOW COST 
MULTITURN 
CERMET 
TRIM POT® 
• Low temperature coefficient: ±100 ppm/°C 

over entire temperature and resistance ranges. 

MODEL 3299 TRIM POT® 25 TURNS 
• Typical CRV of 3% (1% available) 
• High power rating: 1/2 Watt @ 70 °C. 
• Small size: 9,5 x 10 x 6 mm 
• Resistance range: 10 Q to 5 Meg. 
• Sealed to withstand immersion. 

Five terminal styles. 

MODEL 3339 TRIMPOT® 4 TURNS 
• Unique planetary drive offers precise wiper 

setting of a multi-turn in single-turn package 
size. 

• Space saving size: 7,6 x 0 6,4 mm high. 
• Resistance range: 10 Q to 1 Meg. 
• 0.5 Watt power rating at 85 °C. 
• Sealed to withstand wave soldering and 

immersion cleaning process. 
• Requirements of MIL-R-22097. 

® 

Bourns (Schweiz) AG 
Tel. 0 4 2 / 3 3 33 33 

6340 Baar 
Telex 78 722 

SUPERCOOL 
& LOW COST 
AT LEAST 60°C COOLER 
cathode operating 
temperature is provided by the 
new air- and water-cooled 
SUPERCOOL thermoelectric 
PMT chambers (Models 
TE-206 TSRF and TE-210 
TSRF). Eliminating bulky 
compressors, they provide 
excellent temperature stability 
and operating reliability. Both 
feature No-Dew Window 
Heaters, Front Mount ing 

Adapter and Fully Wired 
Socket Assembly for all 
standard PMTs. They accept 
opt ions offered for all 
standard PFR housings. 

•f 

$990 THERMOELECTRIC PMT 
CHAMBERS INCLUDE 
POWER SUPPLY — Low Cost 
Model TE-182 TSRF provides 
features noted above and 
replaces PFR Model TE-102. 

US Prices only 

Ask about our new 
21-pin Ceramic Socket for 
cooling to dry ice temperatures Call (617) 774-3250.or write: 

Products for Research, Inc. 
88 Holten Street, Danvers, MA 01923 

CABLE: PHOTOCOOL TELEX 94-0287 

minntronics co., inc. 
8KByte 
Cache Memory 
for PDP-11/34, 
11/35 and 11/40 
Mod. 
8034P/8040P 
Unique Features: 
- Increases CPU 

speed to maximum 
( 2 0 - 5 0 % overall 
improvement) 

- Total hardware and 
software 
compatibility 

- Large, efficient 
8K Byte data 
storage capacity 

- Advanced parity error checking circuitry 
- Programmable control/status register (CSR) 
- Adjustable minimum/maximum address limits 
- "Growability" automatically grows with addi­

tional main memory (no further adjustments) 

DIRECTORY £RH0R 
8VTE A FRR0R 
BYTE 8 ERROR 
RWftTY F.8ABUE 
CACHE ON UfcC 

m 
mm hit 

DMA AGHViTY C A C H E 

C o m p u t e r - S y s t e m e / jyjk K o m p o n e n t e n 
2 S c h l i e r e n ^ ^ , A D C O M P A G , S t e i n w i e s e n s t r 3 , C H - 8 9 5 2 S c h l i e r e n ^ ^ / 0 1 / 7 3 0 4 8 4 8 T e l e x 5 8 6 5 7 
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BRITAIN AT CERN 23-26 SEPTEMBER 

Keep up with the 
latest developments 
in vacuum pumping 
systems 
New range of direct-drive 
rotary vacuum pumps 
Bui l t f o r re l i ab i l i t y , easy m a i n t e n a n c e , l o w 
no ise leve l . . . w i t h a b ig c h o i c e o f e a s y - t o - f i t 
accessor ies . S i m p l y v a l u e f o r m o n e y . 

New second generation Diffstak 
T h e i n t e g r a t e d v a c u u m p u m p i n g s y s t e m w i t h e v e n 
m o r e i m p r o v e m e n t s . . . fas ter p u m p i n g s p e e d s , 
easier m a i n t e n a n c e a n d a s t r i n g o f ex t ra f e a t u r e s . 

New mechanical booster pumps 
E x c l u s i v e h y d r o k i n e t i c d r i v e cu ts p u m p - d o w n 
t i m e b y up t o 5 0 % a n d s i m p l i f i e s c o n t r o l . 

See these and other new products . . . 

Edwards High vacuum 
on Stand 4 

Edwards Edwards High Vacuum 
Manor Royal, Crawley, 
West Sussex rhk>2lw, England 
Tel. (0293) 28844 
Telex 87123 Edivac G 

Edwards High Vacuum is part of BOC Limited 
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CAMAC 
The ultimate CAMAC powered Crate HPC 2111 

from Sen Electronique 
m^^^^^w^^mm^s^^^^m + 6V65A 

i or reverse w i th a sum of 80A 

| sa^^ ] + supersedes Cern Specs 087,099,099A 

c e m a p p r o v e d for soow * backed by 10 years development 
and 500W Specs 

* available ex stock 

France: ORTECSarl;7, rue desSolets; Tel. (1)6872571 - Tlx 202553F, F-94 RUNGIS - Germany: SEN ELEKTRONIK 
GmbH; Brandstucken 11; Tel. 041 802046 - Tlx 2163705d, D-2000 HAMBURG 53 - DIDAS Digital System; Radspielstrasse 8; ^mmmm H H B M 

Tel. 089 916710 - Tlx 529167d - D-8000 MUNCHEN 81 - Switzerland: SEN ELECTRONIQUE SA; CP 39; | | | | 
Tel. (022) 442940 - Tlx 23359ch - CH-1211 GENEVE 13 - SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 9455103; J""̂ J ^^^J 
Tlx 58257ch - CH-8604 VOLKETSWIL - United Kingdom : SEN ELECTRONICS LTD; London Street; Chertsey; Tel. ^^^H ^ ^ ^ f l ^ ^ ^ H 
9328.66744 -GB-KT168AP SURREY -OFFICES THROUGHOUT THE WORLD. ^^^H ^^^1 ^^^H 
Headquarters: H H H H H H 
SEN ELECTRONIQUE S.A.; A v e n u e Ernest -P ic te t 3 1 ; Tel. (022) 4 4 2 9 4 0 - Tlx 23359ch - CH-1211 GENEVE 13. E L E C T R O N I Q U E 

3 Aerial Way, Syosset, New York 11791 • (516) 433-3110 Contact factory for complete specifications 
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CAMAC stores 
Type1624-27 
1 6 K / 3 2 K x 16-bit in single w i d t h . 
4 8 K / 6 4 K x 16-bit in double w i d t h . 
Lar.ge fast-access in-crate store. 
4 independent access channels. 
Auto- increment ing address pointers. 
DM I fac i l i ty w i t h overf low 
management. 
Microprogrammed cont ro l . 
Data is parity-checked on output 
f r o m store. 
D M A sync fac i l i ty . 

$ # * 
Data acquisition 
stores 
Type 1631-34 
Large fast-access in-crate store 
w i t h f ron t panel access. 16K, 
3 2 K , 4 8 K o r 6 4 K x 16 bi t . 
Independent read and wr i te 
store pointers. 
Can always respond t o transfers 
at max imum Camac rate. 
Memory increment or memory 
add (DMM) faci l i ty w i t h 
overf lows handled by 64 x 16 
F IFO (optional) . 
Data is parity checked on output 
f r o m store (optional) . 
Double w i d t h . Treble when 
optional hardware data 
compressor is f i t t ed . 

Display 
driver 
Type 1114 

5 1 2 x 3 8 4 f ie ld . 
Firmware vector generation. 
4 0 1 0 / V T 5 2 replacement. 
Internal Z80 microprocessor and 32K 
bytes o f R A M . 
V 24 (RS232) interface via Sension 1134 
module or direct t o 1524 crate controller. 

LSI-11/2 
Auxiliary 
controller 
Type1524 
Includes digital 
equipment LSI - 1 1 / 2 
w i t h its powerfu l , fast 
instruct ion set and byte 
or w o r d addressing. 
Contains up to 32K 
words of MOS memory. 
Integral teletype 
interface and 'Q' bus 
extension. 
Can run the DEC range 
of standard software, 
C A T Y , etc. 
Can be configured as a 
crate or auxil iary 
control ler by the user. 

Graphics 
driver 
Type1112 
Powerful histogram and 
spectrum display modes. 
Full alphanumeric capabil i ty. 
Vector generating. 
High speed, high precision. 
4096 x 4096 f ie ld . 
Integral picture store. 
Light pen input . 

Sension Scientific Limited 
Denton Drive Industrial Estate, Nor thwich , Cheshire CW9 7 L U , England. 
Telephone: Nor thwich (0606) 44321 Telex: 666468 
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CALORSTAT -
Soufflets miniatures e t 

soufflets a diaphragme 
f l e x i b l e s - r e s i s t a n t £ la p r e s s i o n - f i a b l e s - 6 p r o u v 6 s 
• en laiton, tombac, bronze, b6ryllium, acier chrome-n icke l / 

monel, nickel et autres mat6riaux 
Fabrication: - soufflets miniatures - dits «6lectro-d6pos6s» 

r6alis6s par proc6d6 6lectrolytique 
fexempt de soudures) 

- soufflets a diaphragme - dits «soud6s» 
r6alis6s par soudure a I'arc 6lectrique sous 
atmosphere protectrice 

DN pour soufflets miniatures: 1 - 1 0 0 mm 
DN pour soufflets a diaphragme: 7 - 500 mm 
pour la technique de mesure et de r6glage, le vide, la t e c h ­
nique nucl6aire et de P6tanch6it6, armatures, micro-
m6canique, etc. 

Repr6sentants ge'ne'raux pour la Suisse et la Principaute' du Liechtenstein 

/to A n q s t + P f i s t e r 
• V o t r e p a r t e n a i r e d a n s t o u s les c a s 

1219 Geneve-Le Lignon 
52-54, route du Bois-des-Freres 
Telephone 022 964211 
8052 Zurich • Thurgauerstrasse 66 
Telephone 01 502020 

Is there water 
in dry air or gas? Now you can 
have the answer fast, exact 
and automatical ly. 

Nothing could be simpler. 
1. Switch on. 
2. Place fingertip over outlet 
3. Chamber head rises. 
4. Read dial. 
No more Thermometers -
Graphs-Pumping -
cooling - recoating or 
mathematical gymnastics. 

The Shaw Automatic Dewpoint Meter 

Look at these unique 
features: Battery check 
swi tch-d ia l readings on air 
or gas irrespective of flow 
r a t e - Automatic dry down 
and calibration - Portable-
Government tested for safe 
use in hazardous areas. 

GWP electronic Ltd 
Bernerstrasse 1 82 
CH 8064 Zurich/Switzerland 

Tel.: 0 1 / 6 4 32 31 P.Euler 
64 45 55 

Telex: CH 54806 GPEL 

2 8 2 

WE ROUTINELY BUILD THE UNIQUE 
Scattering chambers, sliding window target 
chambers, beam collimators, spectrometer slits 
and... something for you? 

F E L D L C O R P O R A T I O N 

4003 7th Terrace S., St. Petersburg, Florida 33711 U.S.A. 
Phone: (813) 821-6759 
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How should a MODERN A to D CONVERTER look like? 

BUFFER 

I 
% 

We suggest these 
features: 

• 75 kHz throughput rate 
• 12 Bit resolution 
• M in imum software overhead 
• Data derandomising 
• Autonomous t iming 
• selectable input ranges 
• selectable data format 
• compact design 
• low price 

Short description of Borer type 1245 ADC module 
Selectable input ranges f rom 2 .5 to 10 Volts unipolar or bipolar. High impedance differential 
input w i th t w o alternating sample /ho ld circuits. Time-overlapping data conversion, samp le / 
hold and input mult iplexing. Autonomously controlled in synchronism w i th the incorporated 
programmable t imer or w i th external trigger or w i th software command. Converted data are 
buffered in a 2 5 6 x 12 bit f i fo memory which provides an interrupt before reaching it's fil l. 
Continuous data taking at full speed is therefore not interrupted by simultaneous asynchronous 
block transfer of converted data. Readout of data in selectable format. 

Ask for our technical data sheet and a quotat ion. 

b o r e r 
Borer Electronics AG 

POSTFACH, CH-4501 SOLOTHURN/SWITZERLAND TEL: 065 • 3111 31, TELEX: 34228 

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

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

Avica International 
BP1 47 Principaute de Monaco 
Te lephone: (93) 30 -09 -39 
Telex: 469 771 MC 

A V I C A 
GR0UP0F COMPANIES 
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NORD 

renforce le système 
d'ordinateurs décentralisé 

Un système informatique décentralisé pour Norsk Data est 
fondé sur une relation homme-machine, dont l'axiome de 
base est que tout besoin de capacité de calcul est local. Nos 
systèmes d'ordinateurs sont ainsi adaptés aux besoins locaux 
comme support et outil dans la production, la recherche et 
l'administration. 

La possibilité de connecter plusieurs systèmes locaux indé­
pendamment de leur emplacement permet la communication 
entre systèmes et la création de puissants réseaux d'ordina­
teurs. 

Les systèmes NORD sont entièrement modulaires. Chaque 
matériel ou logiciel peut être développé et adapté aux besoins 
qui évoluent sans que des unités coûteuses deviennent super­
flues. Nos systèmes s'étendent du mini-ordinateur 16 bits aux 
complexe d'ordinateurs 32 bits avec une capacité de mémoire 
virtuelle de 4,3 G-octets pour les données comme pour les 
instructions. 

Nos dépliants d'information sur le NORD 100, NORD 500, et 
sur le traitement décentralisé des données en relèvent les pos­
sibilités et les avantages. 

Les ordinateurs NORD - élément fondamental d'un traite­
ment efficace des données. 

Norsk Data sari,» Le Brévent », Avenue de Jura, 01210 
Ferney-Voltaire 

Oui, je veux en savoir plus sur le système Nord 
de traitement « élargi » des données. 

Nom_ 

I 

Entreprise. 

Adresse. 

Téléphone. 

I 
••• ••••••• •••• •••••••• ••••• ••••••••• ••••••••• 

••••••••• ••• •••• ••••••• 
Norsk Data 

Siège : « Le Brévent », Avenue du Jura, 01210 Ferney-Voltaire 
Tél. : (50)408576 

Paris : 120 Bureaux de la Colline, 92213 Saint-Cloud 
Tél. : (1)6023366 

NORD - Une alternative à étudier 
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' L E Y B O L D - H E R A E U S - T h e c o m p l e t e 
k n o w l e d g e of v a c u u m techno logy a n d its 

sc ient i f i c a n d indus t r ia l app l i ca t i ons : 
R e s e a r c h and D e v e l o p m e n t . 

P roduc t i on of E q u i p m e n t . Af ter Sa les Se rv i ce . ESS 
TURBOVAC 560 M 

The World's First 
Turbomolecular Pump 

with Magneto- rings 
A revolutionary new design to meet 
the ever increasing demands 
of science and technology imposed 
on vacuum pumps and equipment . 

It runs so silently 
that no sound is heard, 
so quietly 
that no vibration is felt. 
It needs no cool ing and no 
lubrif ication. 

Such outstanding features and the 
total absence of hydrocarbons 
make the TURBOVAC 560 M 
especial ly suitable for use in highly 
sensit ive apparatus and systems, 
including: 
High resolution spectrometers 
and analytical apparatus 
(ESCA, SIMS etc.). 
Atomicand molecular beam systems. 

Ion sources. 
Electron microscopes. 
Mass separators. 
Nuclear and plasma physics. 

TURBOVAC 560 M, 
magnetic lévitation control led, 
the silent revolut ion. 

A product of LEYBOLD-HERAEUS 
Research and Deve lopment 

Q LEYBOLD-HERAEUS GMBH 
LEYBOLD-HERAEUS Postfach 510760 • D-5000 KÖLN 51 
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For more than ten years EEV has been supplying thyratrons used 
tp energise kicker magnets. These tubes are installed and working 
successfully in every major High Energy Nuclear Physics Laboratory 
in the world. 

Hundreds of thousands of hours of reliable service have been 
achieved and are substantiated by recent reports. 

Copies of these along with tube data and technical information 
can be obtained from Roger Snelling at Chelmsford, 
telephone (0245) 61777 ext: 428. 

THYRATRONS 

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX CM1 2QU, ENGLAND. TEL (0245) 61777. TELEX 99103. GRAMS ENELECTICO CHELMSFORD 
A MEMBER OF THE GEC GROUP 
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leCroy 
32 mm 

mmmn 1m LeCroy Model 4290 SYSTEM 
HIGH RESOLUTION DRIFT CHAMBER DIGITIZER 

• VERY HIGH DENSITY 
• A N A L O G TECHNIQUE 
• SELF CALIBRATION SCHEME 

• BUILT-IN TEST 
• C O M M O N TRIGGER 
• SYSTEM PROCESSOR 
• FAST DECISION POSSIBILITY 
• DIFFERENTIAL INPUTS 

Up to 736 w i res per c ra te 
A l l ows best poss ib le reso lu t i on 
Makes ana log sys tem as u n i f o r m as d ig i ta l 
s ys tem 
A l l ows c o m p l e t e s y s t e m c h e c k o u t 
Permi ts c o m m o n star t or c o m m o n s top m o d e 
Re jec ts u n w a n t e d da ta and s p e e d s readou t 
P romp t o u t p u t of hit channe l con f i gu ra t i on 
M in im ize no ise and permi t use wi th twisted pairs 

The 4 2 9 0 is a c o m p l e t e ope ra t i ng sys tem fo r mu l t iw i re dr i f t c h a m b e r da ta hand l ing . 
Its f l ex ib le and s tab le des ign i nco rpo ra tes a mono l i t h i c t ime e x p a n s i o n ana log 
TDC per channe l to ach ieve exce l l en t reso lu t ion , h igh dens i t y and low p o w e r 
d iss ipa t ion at low cost . Up to t w e n t y th ree 32 -channe l t ime d ig i t i zer m o d u l e s 
M o d e l 4291 A can be used in a d e d i c a t e d C A M A C cra te w i t h a dr i f t c h a m b e r TDC 
con t ro l l e r M o d e l 4 2 9 8 o c c u p y i n g the con t ro l l e r pos i t i on of t he c ra te . The 4 2 9 8 
can be read ou t v ia C A M A C us ing a DATABUS in te r face M o d e l 4 2 9 9 . The 4299 
o b e y s c o n v e n t i o n a l C A M A C p ro toco l and is to be l oca ted in a c ra te of t he da ta 
acqu is i t i on b ranch . 

laCroy 
Wor ldwide: Geneva, Switzerland, (022) 989797 ; Heidelberg, W. Germany, (06221) 28192; 
Hamburg, W. Germany, (040) 542713; Paris, France, (1) 9073897 ; Wheatly, Oxford, England, (08677) 3540 
Spring Valley, N.Y., (914) 425 2000; Chicago, (312) 626.6726; New England, (603) 483.8755; 
New York (914) 425.0412; Palo Alto, (415) 856.1806 

Get t h e b e s t . . . f r o m t h e s o u r c e . 
NEW model 3200L... 

200 watts 250 KHz - 120MHz 
A n al l -new solid state rf ampli f ier 
w i t h compact dimensions having a 
useful 1 75 w a t t s output power to 
1 5 0 MHz. 
Capable of being driven f r o m a low 
power laboratory source the model 
3 2 0 0 L is ideally suited for many rf 
drive applications in high energy 
physics. W i t h an output impedance 
of 5 0 ohms full protect ion is 
afforded against open or short 
circuit loads w i thou t damage or 
oscil lat ion. 
Further details on application to 
ENI or your local representative. 

3 0 0 0 W I N T O N ROAD SOUTH 
ROCHESTER, NEW YORK 1 4 6 2 3 
Tel.: 71 6 - 4 7 3 - 7 3 3 0 ; Telex 9 7 - 8 2 8 3 ENI ROC 

C Z m mmi SYSTEMS, LTD. 2 3 OLD PARK ROAD, HITCHIN, 
HERTFORDSHIRE SG5 2JS ENGLAND 

Tel.: ( 0 4 6 2 ) 5 1 7 1 1 ; Telex: 8 2 5 1 53 ENI UK G 
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August 5,1978 

EIM AC 8973 tetrode 
helped bring fusion p 
a step doser at Princeton. 
Project PLT—a significant 
achievement 

On August 5 ,1978 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 TOKAMAK 
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 Nat ional 
Laboratory, another 

major research facility involved in the Depart­
ment of Energy's program to develop practical 
fusion power. The 8973 is a regular production 
tube designed for hieh power switching and 
control by EIMAC division of Varian. • 

For information 
Contact Varian, EIMAC Division, 301 

Industrial Way, San Carlos, California 94070. 
Telephone (415) 592-1221. Or any of the more 
than 30 Varian Electron Device Group Sales 
Offices throughout the world. 

varian 


