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The Worlds 
Biggest Calorimeters 

AMY KEK, Japan 

The World's 
Best ADC's 

L3 LEP/CERN, Europe 

New FASTBUS Instruments including the 1885FADC, 
2724 24-input preamp and LIFT™ Software Tools 

Large calorimeters need economic, 
high performance ADC's, 
LeCroy has been supplying our Series 
1880 FASTBUS ADC's to fixed target 
and colliding beam experiments for 
over three years.Many particle physics 
experiments in Japan, Europe and the 
United States have instrumented or are 
installing our cost effective systems. 
These ADC's are part of LeCroy's 
evolving family of FASTBUS data 
acquisition electronics for research. 
Call or write today for a complete 
FASTBUS Product Summary. 

The Series 1880F ADC's feature: 
• High Density: 96 chan/#1 FASTBUS 
• Wide Dynamic Range: to 15 bits 
• High Sensitivity: 50 fC/count 
• Short Conversion Time: 265 |isec 
• Model 2724 pre-amp compatible 
• Fast Readout: 40 megabytes/sec 
• Multiple Event Buffer: 8 events 
• On-board Calibration: to ± 1.5% 
• Fast Clear: < 600 nsec 
• Trigger Outputs: 24 current sums 

LeCroy 
700 Chestnut Ridge Road, Chestnut Ridge, NY, 10977-6499 USA Tel: (914) 578-6013 
Route du Nant-d'Avri! 101,1217 Meyrin 1-Geneva, Switzerland Tel: (022) 82 33 55 
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Cover photograph: 
Looking down an electrostatic quadrupole lens at CERN's IS0LDE-3 
on-line isotope separator towards the target of the NIC0L nuclear orien­
tation apparatus, cooled to below 5 millidegrees kelvin by helium dilu­
tion refrigeration. (Photo CERN 0016.4 .88) . 
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Dielectric High Power RF 
Systems, built on 40 years 
of engineering experience. 

Dielectric Communications—a pioneer in the 
development of RF coaxial transmission systems 
during WWII—is still innovating with advanced, 
high power RF technology today. 

Our more than 40 years of RF experience 
includes design, development and production 
of components and systems for particle 
accelerators, fusion research, space and 
military radars, communications and high 
power broadcasting. This means that 
Dielectric has the design, manufacturing 
and installation expertise to meet 
your requirements, no matter how 
demanding. 

• Frequencies up to 6.0 GHz 
• Power Kilowatts to Megawatts 
• Coaxial Transmission Line and 

Components 
• High Power Waveguide and 

Components 
• High Power Vacuum 

Components 

Call Dielectric toll-free for more 
information at (800) 341-9678. 

Dielectr ic Commun ica t ions • Raymond, ME 04071 • (800) 341-9678 • FAX: 207 -655 -4669 • TWX: 710-229-6890 

STR730 FDDP A modular signal processor STR730 
The Fast Digital Data Processor (FDDP) 

STR730 has been developed at the INFN in 
Turin. The FDDP mother board consists of two 
logical units and the VME interface. Each logical 
unit contains a fast Digital Signal Processor 
(DSP) TMS32010 connected via a local bus to a 
piggyback input board. The DSP fetches and 
processes the input data to perform e.g. program­
mable trigger decisions or on-line data reduction. 
The results are stored into 512 word FIFO 
memories, readable either through a front panel 
connector or through the backplane VMEbus. 
Additional FIFOs enable fast communication be­
tween adjacent logical units which can be paral­
lelled without limits. 

Programs are downloaded into the 2K word 
memory of each logical unit from the VME crate 
master. All functions of the board can be ac­
cessed via the VMEbus. Mailbox registers enable 
communication between the crate master and the 
DSP without stopping program execution. 

The ANIN1 piggyback input board comprises 
8 FADCs with 8 bit resolution (linear), 
10 mV/LSB sensitivity and 200 ns conversion 
time. A 4 channel FADC board with 256 byte 
memory per channel and a charge integrating 
ADC board are in preparation. MORE THAN A GOOD LINK 

D - 2000 T A N G S T E D T * P. 0 . Box 1147 * W - G E R M A N Y 
Telefon: (04109) 5 5 - 0 * Telefax: (04109) 5533 * Telex: 2 180 715 tegs 



Let Hamamatsu Large-Area 
PIN Photodiodes expand 
your design horizons. 
Now you can think a little bigger 
when you're designing instruments 
for scintillation detection and pre­
cision photometry. These compact 
silicon photodiodes feature large, 
uniform sensitive areas, from 
1.2x29.1 to 10x20 mm. Yet they 
exhibit impressive energy resolution, 
high stability, low dark current and 
high speed t ime response. Ideally 
suited for optical coupling with 
scintillators such as BGO crystals. 
Custom sizes are also available. 

For application information, 
Call 1-800-524-0504 
1-201-231-0960 in New Jersey 

H A M A M A T S U C O R P O R A T I O N • 3 6 0 F O O T H I L L R O A D , P. O . B O X 6 9 1 0 , B R I D G E W A T E R , N J 0 8 8 0 7 • P H O N E : 2 0 1 / 2 3 1 - 0 9 6 0 

UNITED KINGDOM: Hakuto International (UK) Ltd. (phone: 0992-769090) • FRANCE: Hamamatsu Photonics France (phone: 46 55 47 58) 
ITALY: Hesa S. P. A. (phone: [02 ] 34.92.679) • W. GERMANY: Hamamatsu Photonics Deutschland GmbH (phone: 08152-375-0) 
SWEDEN, NORWAY, FINLAND, DENMARK: Lambda Electronics AB (phone: 08-620610) • JAPAN: Hamamatsu Photonics K.K. 

© Hamamatsu Corporation, 1986. 
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H u n t i n g t o n 
V a c u u m P o s i t i o n e r s 

LARGEST SELECTION OF 
VACUUM POSITIONERS 
Huntington offers the vacuum 
industry's largest selection of 
bellows-sealed and magneti­
cally coupled positioning de­
vices for ultrahigh-vacuum and 
high-vacuum applications. 

MULTIMOTION 
PERFORMERS 
The positioning possibilities 
include X-Y-Z precision manipu­
lators; rotary, linear, and an­
gular motion feedthroughs; 

and a variety of mounting de­
vices providing tilt, rotary, or 
linear motion for any flange-
mounted source. 

In addition, Huntington has de­
veloped a range of coaxial and 
multimotion feedthroughs and 
accessories for gripping, hold­
ing, heating, cooling, and 
transferring samples within the 
vacuum environment. 

POSITIONING SOLUTIONS 
If your positioning problem 
cannot be solved by any of the 
wide range of devices already 
on the shelf at Huntington, tell 
us about it. Whether the solu­
tion is an innovative modifica­
tion or an entirely new concept, 
Huntington is ready to help. 

For information on several 
newly patented positioning 
devices and for current prices, 
call Huntington today. 

Huntington Laboratories, Inc. • 1040 L'Avenida, Mountain View, CA 94043 • (415) 964-3323 • (800) 227-8059 
FAX (415) 964-6153 -Telex 592328 -TWX 910 379-6944 • Easylink 62-795443 
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1.4 million cubic metres 
of achievement 

After five years of civil engineering 
work, the accent at CERN's 26.7 
kilometre LEP electron-positron col­
lider is now on installation. The 
first 2.8 kilometre section is now 
virtually complete and awaits the 
first positron test beam this sum­
mer, while the preparations for the 
four big detectors enter their final 
phase. 

It was more than a decade ago 
that the idea of a large electron-po­
sitron ring at CERN first emerged to 
spearhead European high energy 
physics effort in the years to come. 

LEP's dimensions are a com­
promise between capital cost and 
energy losses. As a beam of elec­
trons is bent by a magnetic field, it 
loses energy ('synchrotron radi­
ation'), which has to be compen­
sated by bursts of radio-frequency 
energy. The larger the ring, the less 
the electron beams have to be 
bent, and the smaller the energy 
losses. On the other hand, a larger 
machine costs more. 

The siting of the ring was criti­
cal. The existing CERN accelerator 
network has to be used to give the 
LEP electrons and positrons their 
initial burst of energy. The strin­
gent requirements for stable beams 
also require the machine to be built 
in f irm bedrock. Moreover the ter­
rain around CERN is far f rom flat -
the Jura range wi th peaks of 1700 
metres is only a few kilometres 
away. 

Between the Jura and CERN, the 
underlying rock is 'molasse' - alter­
nate layers of sandstone and marl 
wi th all intermediate composit ions. 
Although requiring some special 
measures, this material is relatively 

Most of the excavation work for LEP used 
roadheaders (left) and full-face tunnelling 
machines (right). 

Waiting to cut the ribbon marking the end of 
LEP tunnelling. Left to right, M. Meloni, 
works director of the Jura tunnelling consor­
tium; M. Masson (wearing coat), mayor of 
Crozet (under whose territory the LEP ring 
passes); project leader Emilio Picasso; CERN 
engineer Bruno Bianchi; and Henri Laporte, 
head of CERN civil engineering. 

(Photo CERN X143.2.88) 

(Photo CERN 170.7.85) 
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CAMBRIDGE 
Elementary Particles a n d the 
Laws of Physics 
The 1986 Dirac Memorial Lectures 
The late RICHARD P. FEYNMAN and STEVEN 
WEINBERG 
These first two Dirac Memorial Lectures are contrasting 
variations on the theme of the union of quantum theory 
and relativity. The late Richard Feynman discusses the 
physical reality underlying Dirac's prediction of antimatter 
whilst Steven Weinberg shows how tightly quantum theory 
and relativity together constrain the laws of nature. 

110 pp. 1988 0 521 34000 4 £7.95 net/$12.95 
Now in paperback 

Aspects o f Symmetry 
Selected Erice Lectures of Sidney Coleman 
SIDNEY COLEMAN 
This volume is a collection of some of the best of Sidney 
Coleman's review lectures on frontier topics in theoretical 
high-energy physics. 
'This book is a classic' Physics Today 
416pp. 1988 0 521 31827 0 Pb £17.50 net/$27.95 

Particles a n d Paradoxes 
The Limits of Quantum Logic 
PETER GIBBINS 
The fierce debate about quantum theory, its challenges to 
the laws of classical logic and its suggestion that the physical 
world is illogical are reviewed in this valuable introduction 
to the philosophy of quantum mechanics 

202 pp. 1987 0 521 33498 5 He £25.00 n e f $34.50 
0 521 33691 0 Pb£8.95net/$11.95 

Funct ional Integrals a n d 
Collective Excitations 
V. N. POPOV 
This book describes the concepts and applications of one of 
the most important mathematical tools used in the 
theoretical investigation of collective excitations in 
statistical physics, such as occur in superfluidity, and in 
phase transitions. 
Cambridge Monographs on Mathematical Physics 

216pp. 1988 0 521 30777 5 £30.00 net/$49.50 
Now in paperback 

In t roduct ion to 
Supersymmetry 
PETER G. O. FREUND 
This book provides an up-to-date description of the new 
ideas involved in formulating supersymmetric theories. 
' ... refreshingly unconventional ... can be recommended to 
those looking for a brief and not overly technical exposition 
of supersymmetry.' Nature 
Cambridge Monographs on Mathematical Physics 

152 pp. 1988 0 521 35675 X Pb £8.95 net/$l4.95 

Scattering from Black Holes 
J. A. H. FUTTERMAN, F. A. HANDLER and 
R. A. MATZNER 
Investigating the propagation of waves in the presence of 
black holes, the authors of this book emphasise intuitive 
physical thinking in their treatment of the techniques of 
analysis of scattering. 
Cambridge Monographs on Mathematical Physics 

192 pp. 1988 0 521 32986 8 £25.00 net/$44.50 

m C a m b r i d g e U n i v e r s i t y P r e s s 
The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU, UK. 
32 East 57th Street, New York NY 10022, USA. 

CORNING FRANCE 
OPTICAL DIVISION DIVISION OPTIQUE 
44, avenue de Valvins 
77210 AVON-FRANCE 
Tel.: 33-1!60725000 
Telex: 690562 CORFOPH 
Fax: 33-1 60725800 
The worldwide specialist in glasses for Cerenkov 
counters. 
Le speclaliste mondial des verres pour compteurs 
Cerenkov. 

Precise positioning of code on 
cables of different diameters 

owing to new micro-setting 
mechanism 

Individual selection of 
characters: 288 possible 
combinations on 12 
marking wheels with 24 
characters each 

Advanced built-in setting 
mechanism: quick code selection 
wi thout interruption of work 

Horizontal, vertical and f lat lettering on all types of 
cables, thin wires, plates and shrinkable sleeves 

Paul A , R o t h f u c h s 
Fellenbergstrasse 166 
CH - 8047 Z u r i c h 

T e l . 01 / 4 9 1 5 4 6 8 
9 .00 t o 12,00 a.m. 

Fax 01 /4919485 
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good to excavate using roadhead-
ers and boring machines. Its char­
acteristics were well charted at 
CERN after experience in building 
the 7 kilometre SPS Super Proton 
Synchrotron ring in the early seven­
ties. 

The older Jura range was sev­
erely fractured when the neighbour­
ing Alps appeared, so that geologi­
cal faults and folds in the Jura li­
mestone are common, and some­
times large. 

The first LEP design envisaged a 
31 kilometre ring, tangential to the 
existing SPS ring (to facilitate injec­
tion), but penetrating deep under 
the Jura, wi th rock overburdens of 
over 1,000 metres at some points. 

To reduce the penetration under 
the Jura, a second solution re­
duced the ring to its present size of 
26.7 kilometres, but maintaining a 
position tangential to the SPS ring 
still called for 8 kilometres of tun­

nel under the mountains at depths 
of up to 600 metres. 

Between 1980 and 1982, 
numerous geological, geophysical 
and hydrological studies were car­
ried out. A 3.6 metre diameter re­
connaissance gallery cut one kilo­
metre into the Jura f rom the bot­
tom of a 60 metre shaft, while 
boreholes were drilled, one over 
1000 metres deep. 

This careful work revealed po­
tential difficulties due to geological 
faults and/or underground water, 
possibly at high pressure. To min­
imize these risks, known f rom the 
outset, the position of the LEP ring 
was swung away from the Jura to 
reduce the amount of tunnel under 
the mountains. Inclining the LEP 
ring slightly (1.4 per cent) also cut 
the depth under the Jura to less 
than 200 metres. 

This bold decjsion - the first 
t ime a major particle accelerator 

Built on a tilt. Schematic cross-section of the 
terrain around CERN, showing how the loca­
tion of the LEP ring was swung away from 
the Jura mountains and tilted. This minim­
ized risky tunnelling under the Jura and ben­
efited from the 'molasse' (sandstone and 
marl) in the plain, good for tunnelling. 

has been built on a tilt - added to 
the already complex tasks of de­
sign and machine assembly, but re­
duced the total length of access 
shafts, and ensured that in popu­
lated areas the machine passes 
deep underground. 

Wi th the position of the ring 
known, legislative procedures got 
underway, complicated by having 
to negotiate wi th authorities in t w o 
countries - Switzerland and 
France, each wi th special require­
ments. In France, for example, land 
ownership extends in principle to 
the centre of the Earth, so that tun­
nelling required individual agree­
ments wi th private landowners. 
The implications of the huge ma­
chine for its environment were de­
tailed in an in-depth study ('etude 
d' impact ') . 

Wi th the Swiss authorization re­
ceived in June 1982 and the 
French 'Declaration d'utilite publi-

CERN Courier, June 1988 3 



LEP Project Director Emilio Picasso (left) and 
CERN Director General Herwig Schopper 
(right) accompany French President Francois 
Mitterrand and Swiss President Pierre Au-
bert as groundbreaking for LEP starts on 13 
September 1983. 

(Photo CERN 195.9.83) 

que' issued in May of the fol lowing 
year, work could begin. 

On 13 September 1983, the 
start of LEP construction was 
marked by a formal groundbreaking 
ceremony with French President 
Frangois Mitterrand and Swiss Pre­
sident Pierre Aubert as guests of 
honour. 

Before attacking the tunnel, ac­
cess shafts had to be dug, wi th 
depths varying from 40 to 150 
metres. A t some points, special 
equipment was brought in to freeze 
the ground so that work could pen­
etrate the water tables unhindered. 
The 19 access shafts plus the four 
huge underground caverns to 
house the LEP experiments repre­
sent about half of the total excava­
tion volume. 

With the tunnel being built to 
house a particle accelerator hand­
ling beams to micron precision, 
there was never any question of 

Specially built by Wirth of West Germany, 
the LEP tunnelling machines pushed ahead at 
an overall average daily rate of 25 metres. (Photo CERN 67.10.85) 
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A LEP tunnelling breakthrough. Project lead­
er Emilio Picasso with (centre) tunnelling 
team leader M. Bacuzzi and (right) LEP Divi­
sion Leader Gunther PI ass. 

(Photo CERN 312.7.86) 

moving its path to avoid obstacles 
encountered on the way - the ring 
as designed on paper had to be 
faithfully cut through rock and 
stone. 

Tunnelling work was dividing 
into t w o separate projects. The 24 
kilometres through sandstone and 
marl were attacked by the 'Eurolep' 
consortium (led by Fougerolle of 
France, wi th Astaldi of Italy, Entre-
canales Y Tavora of Spain, Philip 

Holzmann of West Germany and 
Rothpletz, Lienhard of Switzerland) 
using three full-face tunnel boring 
machines specially built by Wir th of 
West Germany. Built to cut at up 
to 5.4 metres per hour, these ma­
chines and their crews performed 
magnificently, wi th a record eight-
hour shift advance of 23 metres, a 
record daily push of almost 60 
metres, over 200 metres in one 
five-day week, and 760 metres in 

one month, and an overall average 
of 25 metres per day. 

To complement the sterling 
work of CERN's own survey spe­
cialists (see April 1984 issue, page 
103), tunnelling was guided by a 
laser/computer system from the 
UK, ensuring that deviations aver­
aged on l ya few centimetres. 

The double-shield support sys­
tem allowed an initial prefabricated 
concrete lining to go up as the 
rams progressed, making for rapid 
progress and continuous tunnel 
support. The final tunnel lining was 
poured later wi th the tunnel floor. 
To feed LEP, t w o mighty plants 
can provide over a hundred cubic 
metres of concrete per hour. 

Despite inevitable delays and 
hitches in a project of these dimen­
sions (petrol deposits were twice 
encountered, requiring removal of 
250 tonnes of hydrocarbon-bearing 
material), this portion of the tunnel 
was completed in January 1987, 
just t w o years after the first 170 
ton boring machine was lowered 
into posit ion. 

Auxiliary galleries, shafts and 
caverns were handled by an army 
of roadheaders, wi th temporary 
support provided by shotcrete, 
wire mesh and rockbolting ('New 
Austrian tunnelling method'). 

The potentially problematic 3.5 
kilometre stretch under the Jura 
was tackled by a second consor­
t ium (led by Locher of Switzerland, 
wi th Les Chantiers modernes and 
Intrafor-Cofor of France, CSC Im-
presa Costruzioni of Italy, and C. 
Baresel and Wayss and Freitag of 
Wes t Germany). 

Protected by probe borings to 
gauge the rock ahead, careful drill­
ing and blasting by the 'Canadian 
cut ' technique went remarkably 
well until September 1986, when, 
wi th some three kilometres of tun­
nel already accomplished, the 
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Bicron plastic scintillators rep­
resent the world's leading • 
technology for size, quality, 
and scintillation 
performance. 

Bicron s total scintillation 
capability provides guaran­
teed detector performance 
as well as integrated plastic/ 
inorganic scintillator designs. 

Bicron fabricates liquid scin­
tillator cell designs ranging 
from simple standards torug-
gedized, exotic geometries. 

The organic technology 
scientists count on. 
Why? Because the Bicron organic products group 
offers more plastic and liquid formulations than any 
supplier in the world. 
Because we are Bicron, scientists know that delivered 
performance will meet our guarantees. 
Further, they rely on us for the continuing effort to 
advance the technology and to support new applica­
tions. Some of the results of that effort have been; 
• The longest single cast piece of plastic scintillator 

ever delivered. 
• Ion chamber-type response plastic scintillator for 

dosimetry applications. 
• Ruggedized cells for liquid scintillation experiments. 
• Long decay constant plastics. 
• Higher efficiencies for plastic neutron detectors. 
• Wave-shifted organic scintillators and wave-shifting 

light guides. 
Further advancements in organic scintillation tech­
nology will come from Bicron's unique understanding of 
nuclear applications and our commitment to deliver 
unmatched detector performance. 

Count on it! 

BICRON 
Bicron Corporation 
12345 Kinsman Road • Newbury, Ohio 44065 
(216) 564-2251 

Bicron Corporation European Office 
P.O. Box 271 • 2410 AG Bodegraven • The Netherlands 
31/1726/14243 
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teams were stopped by a 100 
l i tre/second inrush of water f rom 
behind! 

Progress was halted for several 
months while the tunnel lining and 
the surrounding rock were solidly 
reinforced and delicate probing 
tried to ascertain the extent of the 
problem ahead. After the resump­
tion of tunnelling last year, a se­
cond water problem resulted in 
further delays before work could 
begin again last autumn. 

A t a poignant moment earlier 
this year, the clearing of the last 
few metres of rock was screened 
to an audience of several hundred 
people in the huge experimental 
hall at Point 4 , 150 metres below 
ground. 

Despite the delays, the progress 
of the overall project continues re­
latively unperturbed, thanks to 
some highly flexible planning and 
resource control gymnastics behind 
the scenes. By the end of the year, 
the tunnel lining will be complete, 
providing the final insulation 
against all natural eventualities. 

In total , the LEP tunnel, shafts 

A Under the Jura mountains, careful probing 
tested the rock ahead. 

w 3 kilometres into the Jura mountains, LEP 
tunnelling was temporarily stopped by an in­
rush of water from behind the rock face. 

and pits required the removal of 
1.4 million cubic metres. Despite 
being equivalent to about a third of 
the Great Pyramid, this spoil is now 
almost invisible, having been dis­
charged close at hand (making also 
for minimal intrusion by heavy road 
transport), thanks to excellent co­
operation •With local authorities. In 
addit ion, the road system in France 
was substantially improved, funded 
by local and central French govern­
ment and by CERN. 

Although civil engineering work 
is not yet complete, the LEP tunnel 
is a great achievement, especially 
for the teams of Henri Laporte (civil 
engineering) and Michel Mayoud 
(surveying) and all their advisors 
and contractors. 

Despite a big safety drive, three 
fatal accidents occurred under­
ground and t w o more (not con­
nected wi th the tunnelling and 
which could have happened any­
where, anytime) on the surface. A 
plaque will be mounted to comme­
morate these five men who lost 
their lives in this gruelling endeav­
our. 
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Around the Laboratories 

The inner dewar for the liquid argon calori­
meter of the big SLD detector. After the re­
vamped Mark II detector has had a first look 
at the physics at the new SLC Stanford Li­
near Collider, SLD will roll in. 

(Photo Joe Faust) 

STANFORD 
Ready for the Z 

April was an encouraging month of 
solid progress at the Stanford Li­
near Collider (SLC). Aided by cool, 
cloudy weather, which settled upon 
the San Francisco Bay Area and 
helped promote stable running con­
ditions, the collider commissioning 
team finally brought electron and 
positron beams into collision at the 
interaction point. It was a major mi­
lestone in the SLC commissioning 
effort. For the rest of the month, 
the t w o beams ran fairly routinely 
at 10 Hz, wi th both spots smaller 
than 10 microns. 

Just after Easter weekend the 
positron beam had been trans­
ported right through the final focus 
and into its dump for the very first 
t ime. But blistering temperatures 
and a host of hardware problems 
limited the beam time available for 
physicists to work on focussing 
the positron bunches down to the 
4 micron size needed to begin re­
search at the Z° particle, the elec­
trically neutral carrier of the weak 
neutral force. 

The weather turned more favour­
able over the weekend of April 16-
17, and spot sizes of 7-8 microns 
were achieved on Sunday after­
noon. A t 7.00 the fol lowing morn­
ing, the t w o beams passed through 
one another wi th simultaneous 
small spots, as indicated by beam 
position monitors near the interac­
tion point. 

This advance came wi th 2 x 1 0 9 

particles in each bunch, operating 
at a total collision energy of 92 
GeV. During the remainder of Apri l , 
the currents were pushed to 1 0 1 0 

electrons per bunch and 5 x 1 0 9 

positrons per bunch, while small 
spots (5-7 microns) were main-

tained and the beams were kept in 
collision. At tempts to measure the 
deflection of one beam by the oth­
er, which should begin to be 
detectable under these conditions, 
were not successful by month's 
end. 

As May began, Mark II physi­
cists were switching their detector 
back on to study backgrounds 
from the positron beam. These are 
thought to be less serious than the 
worr isome muon backgrounds 
from the electron beam scraping 
metal in the final focus area (see 
April issue, page 12). Positron level 
rose to 7 x 10 9 per bunch while 
the detector was promisingly free 
of background. After a shutdown 
to install new collimators, the SLC 
should be ready, at long last, to 
begin making Z°s. 

CERN 
Probing the proton 
spin 

At the end of the 1960s, classic 
electron beam experiments at the 
Stanford Linear Accelerator Center 
(SLAC) penetrated deep inside the 
proton and discovered tiny grains 
hidden inside. Subsequent work 
wi th neutrino beams, especially at 
CERN using the Gargamelle bubble 
chamber, identified these tiny 
grains ('partons') wi th quarks, 
showing that the proton contained 
three principal ('valence') quarks. 

Further Stanford studies wi th 
electron beams probed the spin 
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Variation of asymmetry (vertical axis) with 
kinematics as seen by the European Muon 
Collaboration (EMC) at CERN using spin-
oriented beams and targets, compared with 
earlier results from Stanford (SLAC) using el­
ectron beams. The solid line gives the theo­
retical prediction, in line with experiment in 
one region (x is the fraction of momentum 
carried by the struck quark) but seriously 
awry in the small x region probed by EMC. 

(intrinsic angular momentum) of the 
struck quarks, showing clearly that 
they carry half a unit of spin, and 
the advent of polarized (spin 
oriented) electron beams and tar­
gets probed deeper into the quark 
spin structure of the proton. 

In a series of eleven separate 
runs using a range of energies, the 
European Muon Collaboration 
(EMC) at CERN recently used a po­
larized muon beam and a specially 
constructed polarized target to take 
a closer look at the spin content of 
the proton, extending the kinematic 
range studied in the earlier Stanford 
experiments. 

The target had t w o sections, po­
larized simultaneously in opposite 
directions, and the data f rom the 
t w o halves was carefully compared 
to disentangle the contributions 
coming from different quark spin 
alignments. 

The measured quark-spin con­
tent (structure function) is remarka­
ble. While the individual quark spin 
contributions show definite direc­
tional preferences, the overall con­
tribution to the proton spin f rom 
the quarks adds up to almost zero! 
This means that under these condi­
tions (the incoming muon penetrat­
ing deep inside the struck proton 
and the quarks recoiling violently) 
the vast majority of the proton's 
spin comes f rom the gluons hold­
ing the quarks together, and/or 
from orbital angular momentum of 
the proton constituents relative to 
each other. 

A t face value, this result implies 
that the quark structure of the pro­
ton (which depends on kinematics) 
is under these conditions more 
complex than the simple quark 

The EMC experiment used the world's lar­
gest polarized target. 

(Photo CERN 393.3.81) 
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The 1 metre long superconducting high field 
model dipole, designed at CERN for the LHC 
Large Hadron Collider scheme in the LEP 
tunnel and manufactured by Ansaldo Com­
ponent!', Genova, attained fields of up to 9. 1 
Tesla in initial tests. 

(Photo CERN 144.3.88) 

model which attempts to explain 
proton properties by adding up 
quark effects. For example the pro­
ton could have a complicated 
structure, such as the lump-like sol-
iton or 'Skyrme' model. 

In 1982, the EMC collaboration's 
discovery that the quark structure 
of nucleons depends on the nuclear 
environment (the 'EMC Effect'), 
also set people thinking. This result 
came from the initial EMC configu­
ration comparing results from dif­
ferent nuclear targets. A second 
phase used a vertex spectrometer 
to look at the way struck quarks 
emerged as visible hadrons ('quark 
fragmentation'), and a third phase 
used the world's largest polarized 
target to study detailed spin ef­
fects. 

CORNELL 
New detector 
and more collisions 
On March 14 the CLEO detector 
finished its successful career in el­
ectron-positron physics at the Cor­
nell Electron Storage Ring (CESR). 
CLEO is one of a class of solenoid-
based magnetic detectors popular 
at electron-positron colliders. Ac­
tive since CESR first started operat­
ing in 1979, it made the first ob­
servation of the B meson (contain­
ing the 'beauty' - b - quark) as 
well as other important contribu­
tions to the physics of beauty and 
charm, and of the tau lepton. 

The CLEO collaboration now in­
cludes physicists from Albany, Car­
negie-Mellon, Cornell, Florida, Har­
vard, Ohio State, Maryland, Minne­
sota, Purdue, Syracuse and Van-
derbilt Universities, and in earlier 
years also from Rochester and 
Rutgers. Last year CLEO recorded 
230,000 decays of the fourth upsi-

CERN 
Magnet success 

Technical preparations for a 
possible proton-proton collider 
(Large Hadron Collider - LHC) in 
the LEP tunnel at CERN have 
made substantial progress with 
the successful testing of the first 
LHC superconducting high-field 
1 metre long model magnet. 

The single aperture niobium-
titanium wound dipole was de­
signed by R. Perin and his LHC 
magnet study team, and manu­
factured by Ansaldo Compo­
nent!, Genova, Italy. Operating at 
2K, it reached and passed its 8 
Tesla nominal field without any 
quench, the first three quenches 
occurring at central fields of 
8.55, 8.9 and 9.0 Tesla respect­
ively. It then attained 9.1 Tesla 
without quenching and operated 
at this level for some time be­
fore the initial series of tests 
was voluntarily stopped. 

At these high fields, electro­
magnetic forces are very strong, 
nearly three times those of the 
superconducting dipoles now 
being manufactured for the pro­
ton ring of the HERA electron-

proton collider at the German 
DESY Laboratory. A special 
clamping technique was devised 
using aluminium alloy collars 
around the coils, surrounded by 
the rigid iron yoke split into two 
halves and closed around the 
collars during cooldown by the 
thermal contraction of an overall 
shrink-fitted stainless steel cov­
er. 

This is the first time a high 
field 'accelerator quality' super­
conducting dipole model has 
been designed and built as a 
joint venture between a scien­
tific laboratory and industry. 
CERN provided most of the 
know-how and the supercon­
ductor, while manufacture was 
taken over by Ansaldo. 

The LHC design foresees a 
single yoke enclosing a double 
aperture 'two-in-one' magnet to 
handle the contra-rotating pro­
ton beams. Fields of 10 Tesla 
would provide proton beams of 
about 8 TeV (8000 GeV), with 
16 TeV collision energies. 
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Ion (4S) resonance into B-meson 
pairs, more than doubling the 
world 's supply, and in the first few 
months of this year collected a 
unique sample of 40 ,000 decays of 
the next upsilon (5S), a potential 
source of strange B mesons. These 
data samples, now undergoing 
analysis, should provide more ac­
curate measurements of oscilla­
tions of B mesons and of charm­
less weak decays of the B, topics 
which aroused much interest last 
year. 

Before being dismantled and re­
placed by the new CLEO-II, the old 
CLEO detector is serving briefly as 
a testbed for a prototype high re­
solution vertex drift chamber. To 
intercept very short-lived particles, 
any tracking device intended for 
heavy quark physics has to get 
very close to the event vertex. In 
electron storage rings the radius of 
the beam pipe in the interaction re­
gion has been about 6 cm, because 
of the difficulty of protecting track­
ing chambers from synchrotron 
radiation and beam spill back­
ground from the circulating beams. 
The new CLEO prototype drift 
chamber has an inner radius of 2.3 
cm. If the tests of the chamber and 
the radiation masking are success­
ful, the decays of charmed mesons 
produced in B decays will be seen 
more clearly, simplifying the recon­
struction of complicated events. 

The successor detector, CLEO-II, 
will differ in having a main cylindri­
cal drift chamber considerably im­
proved in momentum and ioniza­
tion resolution (this was already in­
stalled in CLEO in 1986), a 30-ton 
caesium iodide scintillator array for 
very high resolution electromagnet-

Riccardo DeSalvo prepares readout cables 
for the CLEO prototype vertex chamber test. 
The large cylinder under his arm is the rare-
earth/cobalt quadrupole magnet for 'micro-
beta'beam focusing. 

End face of the CLEO detector at the CESR 
electron-positron collider at Cornell, prior to 
installation of a prototype vertex chamber 
and 2.3 cm inside radius beam pipe. 
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^ ^ T h e most complete and sophisticated HV NIM Power Supply 

• to be found on the market coming in two versions: 
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The N186 has fixed polarity and can deliver 200uA / 15KV. 
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Schematic of the Argonne Wakefield Test 
Facility. An intense electron beam strikes a 
carbon target. The spectrometer system 
transports the full energy beam through the 
upper path while a low intensity beam fol­
lows the lower. 

ic calorimetry, a 3 m diameter 1.5 
Tesla superconducting solenoid 
coil, new time-of-fl ight scintillators 
and muon detection chambers, and 
a new magnet yoke. Installation 
should be complete early in 1989. 
For the first time it will be possible 
to have in one detector both the 
charged particle capability of a 
large magnetic detector and the 
neutral particle capability of a calo-
rimetric detector like the Crystal 
Ball. 

The transition f rom CLEO to 
CLEO-II was also an occasion to 
celebrate the recent successes of 
the CESR machine. The accelerator 
physicists and operations crew 
have succeeded in increasing the 
circulating current to 11 mA per 
bunch in 7 bunches per beam, t igh­
tening the focus at the interaction 
point and shortening the bunch 
length to 1.75 cm. As a result, the 
peak luminosity per interaction re­
gion at CESR has now exceeded 
1 0 3 2 em^sec - ! 1 , a new record for 
electron-positron colliders. The f i ­
nal month of running logged an in­
tegrated luminosity of 90 inverse 
picobarns in each interaction re­
gion. This impressive performance, 
along wi th the increased efficiency 
and resolution of the new CLEO-II 
detector, will boost b-quark phy­
sics in the coming years. 

ARGONNE 
Plasma wakefields 
work 

A unique tool for investigating plas­
ma 'wakefields' has yielded the 
first direct observations of particle 
acceleration using this technique. 

The wakefield accelerator idea is 
one of the approaches being inves­
tigated to attain high accelerating 

fields for the next generation of 
particle accelerators. Bunches of 
charged particles passing through 
certain geometric structures can 
leave behind them (in their wake) 
higher field gradients than they 
themselves have experienced. 

Initial collinear schemes were 
tested experimentally in the early 
1970s, and although reproposed 
many t imes, physics reasons ex­
clude their use for a new accelera­
tor scheme. 

In a version initiated by Tom 
Weiland and Gus Voss at DESY, a 
hollow circular beam running along 
the outside rim of a cavity pro­
duces electromagnetic waves trav­
elling through slots to the cavity 
axis. The cavity structure acts as a 
transformer, and another beam, 
travelling along the axis, sees very 
high accelerating fields. 

Last year, a DESY 'Wakefield 
Transformer' experiment showed 

the principle worked (see Septem­
ber 1987 issue, page 8), wi th a 
successful acceleration of electrons 
(accelerating gradient higher than 8 
MeV per metre) in a 'Stage 1' ex­
periment wi thout final bunch com­
pression. 

The 'Stage 2 ' set-up is still un­
der construction and will be com­
pleted soon. It will include a hollow 
beam rotation, giving significantly 
improved drive beam homogeneity, 
already observed in a first run in 
December wi th an almost complete 
set-up. 

The wakefield transformer con­
cept has been modified into the 
'resonant wakefield transformer', 
now being looked at in the context 
of future machine studies, and a 
new experiment is being planned. 

Plasma wakefield accelerators 
are collinear schemes using a plas­
ma instead of a resonator. 

A t Argonne, an intense 21.4 
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Sulzer Nitrogen 
in Helium Detector 
Type WF3D 

Measures the concentrat ion of ni t rogen in helium (ppm range) 

Measurement and indication both cont inuous 

No dead t ime 

Remote indicat ion, relais output 

Easy to operate - connect and measure 
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High degree of stabil ity 

Inlet pressure 1-20 bar gauge 

1. Application 
Measurement of ni trogen (N 2 

helium (He). 
in 

2. Measurement principle 
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use of an electr ical d ischarge 
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by an interference filter. 
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Cryogenics 
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ambient temperature 
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- Power input max. 150 W 
- Permissible ambient temperature 

range 0 to 40 °C 
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Blackwater Way, Aldershot 
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MeV electron beam f rom an L-band 
linac (operated by the Chemistry 
Division) strikes a small carbon tar­
get. The spectrometer system 
transports the full energy beam, 
which excites the wakefields, 
through one path while a low inten­
sity 15 MeV beam fo l lows another. 
The t w o beams are recombined 
and passed through a test section. 
The 15 MeV 'wi tness' beam can 
be placed at a variable distance be­
hind the intense driving beam by 
means of a trombone section. The 
energy and angle of both beams 
emerging f rom the test cavity or 
plasma are analyzed by a spec­
trometer. Several test cavity sec­
tions were looked at, and in a se­
cond series of measurements ac­
celeration of the witness beam by 
a plasma wakefield was observed. 

A workshop to discuss these re­
sults and to plan future experi­
ments wi th the facility was held at 

Argonne on April 6-7. W . Gai re­
ported on current status and on the 
initial measurements of wakefields 
in structures. Three iris-loaded cav­
ities were tested at Argonne, and 
the results for both longitudinal and 
transverse wakes are in reasonable 
agreement wi th expectations. 

J . Rosenzweig presented the 
data f rom the plasma wakefield ex­
periment. The peak gradient ob­
served was 1.6 M e V / m . Trans­
verse deflections were also ob­
served when the t w o beams were 
offset. Wi th the shorter beam 
pulses available f rom the recently 
commissioned pulse compression 
system, gradients of 10 M e V / m 
should be attainable. 

P. Schoessow talked about 
possible future experiments. Wake­
fields in dielectric-loaded and ellipti­
cal cavities will be measured as 
part of the experimental program. 
To measure impedances in conven-

Acceleration of a 'witness beam' by a plas­
ma wakefield at Argonne. The dashed line 
shows the predictions of a simple model for 
the experimental conditions - driver beam 
charge of 2.1 nC, a 33 cm long plasma, 
plasma electron density of 2.3 x 1013 cm'3. 
The corresponding accelerating gradient is 
about 1 MeV/m. 

tional accelerator components wi th 
the facility, an improved sensitivity 
is needed. 

In an invited overview talk, C. 
Joshi discussed some of the ad­
vanced accelerator work at UCLA, 
a new technique for generating 
ultrashort optical pulses by Comp-
ton scattering of a CO2 laser pulse 
f rom an electron bunch. He also 
discussed plasma wiggler and plas­
ma lens research. 

Y. Yan (Los Alamos) presented 
his work on the counter streaming 
beam plasma wakefield accelerator. 
A. Ruggiero (Brookhaven) dis­
cussed impedances and wakes in 
conventional storage ring compo­
nents, and R. Keinigs (Los Alamos) 
described his calculations of wake­
fields in dielectric structures. P. 
Chen (Stanford) talked about his 
work on the plasma lens as a final 
focus device for linear colliders. 

The participants then split up 
into t w o working groups: struc­
tures, impedances, and single-
beam experiments, chaired by Rug­
giero, and plasma accelerators and 
lenses, headed by T. Katsouleas 
(UCLA). 

The plasma group discussed 
plans for an experiment on a focus­
ing plasma lens using the facility. J . 
Norem (Argonne) presented var­
ious possibilities. It appears that 
the plasma density required for 
good luminosity enhancement at 
the Stanford Linear Collider may re­
sult in severe background prob­
lems. This may not be a problem 
for future linear colliders where ef­
fects of the lens could be accom­
modated in the design of the de­
tector. 

Anybody interested in using the 
facility or in collaborating wi th the 
Argonne group on specific experi­
ments was invited to contact J . 
Simpson at Argonne. 
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Scanning electron microscope image of an 
etched 'colonnade' grating of the type used 
at Brookhaven. The intense electric field 
generated by high power laser will acceler­
ate an electron beam skimming across the 
grating. 

BROOKHAVEN 
Gratings for laser linac 

After much work by Bob Palmer 
and co-workers at Brookhaven to 
study laser-driven grating accelera­
tors, an experiment to test this 
concept, a bold attempt to provide 
a new technique to accelerate par­
ticle beams to ultra-high energies, 
is being assembled at the Accelera­
tor Test Facility now under con­
struction at Brookhaven. 

When the experiment is ready in 
1990, a narrow (low emittance) el­
ectron beam, accelerated to 50 
MeV by a conventional linac, will 
skim a few microns above a grat­
ing irradiated by a high-power, pi­
cosecond-pulse CO2 laser. The in­
tense electric field generated in the 
vicinity of the grating will further 
accelerate the electrons, which will 
then pass through a spectrometer 
for analysis. 

At first, it was thought that Law-
son's criterion would prevent 'grat­
ing accelerators' from accelerating 
relativistic particles, but Palmer has 
shown that for appropriate grating 
geometries and orientations of the 
laser and electron beams, acceler­
ating gradients of several GeV/m 
can be achieved. 

Brookhaven physicist Rick Fer-
now has studied several types of 
grating structure, using Computer 
simulations of the interaction be­
tween the field near the grating and 
the electron beam. He found that 
acceptable structures with appro­
priate radiation patterns could be 
devised by varying the size and lo­
cation of the grating sub-units by a 
few percent from the mean value. 
The periodicity of the grating is de­
termined by the laser's wavelength 
of 10.6 microns. Fernow's calcula­
tions thus imply that the dimen­

sions of the grating sub-units must 
be defined with sub-micron accura­
cy, otherwise energy from the laser 
will not couple efficiently to the el­
ectron beam. One kind of grating 
being considered is the 'colonnade' 
- a double row of truncated cylin­
ders. The electron beam would 
travel between the rows, near the 
top plane of the cylinders. 

John Warren, a materials scien­
tist in Brookhaven's Instrumenta­
tion Division, has made a few of 
these gratings by plasma-etching 
patterns defined by contact litho­
graphy. Most of the production 
methods for these microstructures 
are being used in the semiconduc­
tor industry, but dimensional requi­
rements in this case are even more 
stringent. The gratings must be 
quite conductive to reduce resistive 
losses, resistant to damage from 
the laser and very smooth, to min­
imize field emission problems. Mi-
crofabrication is only the first step 
in the process. The grating must 

be precisely measured using such 
tools as scanning electron micros­
copy or scanning tunneling micros­
copy. Methods must also be de­
vised to fine-tune individual sec­
tions, using laser-induced chemical 
vapour deposition of a few mono­
layers of material exactly where re­
quired. 

Although the problems are for­
midable, much progress has alrea­
dy been made. Completed grating 
sections of a few millimetres 
should be ready in another year, 
sufficient to test the grating accel­
erator concept. 

Rare kaon decays 

In his pioneer investigations of the 
weak nuclear interaction, Enrico 
Fermi made the first attempts to 
describe the W particle - the car­
rier of the beta decay force, finally 
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The detector of the E787 experiment at 
Brookhaven, one of a series looking for new 
decays of neutral kaons. The central cables 
read out photomultiplier signals from the ac­
tive scintillating fibre target, where the in­
coming kaons stop and decay. 

discovered at CERN in 1983 - by 
looking at rare beta decays. 

Half a century later, at Brookhav­
en, physicists are using the same 
techniques to look for another new 
area of physics. They are looking 
for rare decays of kaons, forbidden 
by today's 'Standard Model' but 
which might be mediated by addi­
tional intermediate bosons, a thou­
sand times heavier than the W and 
Z carriers of the weak nuclear 
force. 

Releasing a lot of decay energy, 
the kaon is an excellent testbed for 
these searches. With about a mi-
croamp of proton current at 24.5 
and 29 GeV, well above the kaon 
production threshold, the Brook­
haven Alternating Gradient Synch­
rotron produces lots of kaons, and 
with energies in the laboratory of 
about 5 GeV they are travelling 
slowly enough to give lots of de­
cays. Many positively-charged 
kaons are brought to rest. 

Four kaon decay searches are 
underway, between them looking 
for violations of several sacrosanct 
selection rules. Experiment 777 
(Brookhaven/SIN (Switzer-
land)/Washington/Yale) is looking 
for the decay of a positively 
charged kaon into a positively 
charged pion, a muon and an elec­
tron, while E780 (Brookhav-
en/Yale) and E791 (UCLA/Los Ala­
mos/Pennsylvania/Stanford/Tem­
ple/William and Mary) are inter­
ested in decays of the long-lived 
neutral kaon into a muon plus an 
electron, or into an electron-posi­
tron pair. E787 (cover picture, 
October 1987 issue) searches for 
positive kaons decaying into posi­
tive pions together with 'invisible' 
particles, such as neutrinos. A neu-
trino-antineutrino pair is expected 
in a few decays in every ten billion. 

So far E777 has established that 
the pion/muon/electron combina­

tion is ruled out to the level of less 
than one decay per billion, implying 
that any particle mediating such a 
decay would have to be heavier 
than 15 TeV (15,000 GeV)! This 
year's run should push the limit 
back to one decay or less per ten 
billion, and another run is planned 
for next spring. 

A fire at the start of the 1986-
87 run set back E780 seriously. 
Recovering with makeshift instru­

mentation, the experiment was 
able to establish limits for the 
muon/electron (less than 6.7 x 
10~9) and electron/positron (less 
than 4.5 x 10~9) decays. (The latter 
decay is not absolutely forbidden, 
expected through delicate (unitarity) 
effects at a rate of about 2.5 x 
10" 1 2 ) . 

With all equipment in order, 
E780 hopes to collect ten times 
more data this year, which, if no 
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The Fifteen Foot Bubble Chamber in its last 
run at Fermi lab. 

events are seen, will push the 
mass limit for any new carrier parti­
cle up to 100 TeV. Next year the 
plan is to look for the decay of the 
long-lived neutral kaon into a neu­
tral pion plus an electron-positron 
pair, using a different detector con­
figuration. 

E777 is a 'signal' experiment 
wi th little background to obscure 
the three-particle signature, so that 
sensitivity is limited only by the 
size of the data sample. However 
E780 physicists consider their 
muon/electron search to be limited 
by background, more important at 
higher intensities, so they have de­
liberately stayed within the limits 
set by the beam or their data hand­
ling capacity. 

Wi th the Yale/Brookhaven E780 
group going on to fresh physics 
after this year, Brookhaven is sup­
porting E791 in an ultimate search 
for the muon/electron signal. The 
E791 design is not radically differ­
ent to E780 but can handle more 
intense kaon beams. The study is 
running with a substantial part of 
its full configuration and should 
have results this year. It is ex­
pected to continue until Spring 
1990. 

The key to E787's search for 
positive kaon decays into positive 
pions and 'nothing' to a level ap­
proaching one decay per ten billion 
is the ability to reject kaons decay­
ing into positive muons and neutri­
nos by clear separation of stopped 
muons and pions. This requires ra­
pid measurement of decay particle 
momentum, range and energy, with 
full 'seamless' angular coverage of 
the decay region. 

The start of the present run was 
concerned with fine tuning and trig­
gering, with first data fol lowing lat­
er to probe down to one decay per 
billion. To attain the required sensi­
t ivity, the study will run for another 

two years. 
Even if this ambitious pro­

gramme of rare decay searches 
fails to find new physics, it will 
have demonstrated that our pre­
sent picture of physics rests on a 
solid foundation. The carrier parti­
cle masses indirectly explored in 
these studies are well beyond the 
reach of direct production at any 
present accelerator. 

FERMILAB 
Fifteen Foot last step 

Fermilab's 15 Foot Bubble Cham­
ber recently completed its last phy­
sics run and to mark the occasion a 
'15 Foot Fest' on 8 April high­
lighted the 19 year and 2,991,103 
picture career of the huge detector. 

Long the workhorse of particle 

physics experiments, the bubble 
chamber technique was developed 
by Donald A. Glaser in 1952 at the 
University of Michigan. Glaser's 
original bubble chamber was a 
transparent glass device only a few 
inches across. He knew that if he 
placed a pure liquid in a sealed con­
tainer, he could superheat the liquid 
beyond its normal boiling point. 
Once superheated, boiling could be 
triggered by dropping something 
in. 

Glaser calculated that the energy 
deposited by charged particles in 
the superheated liquid was enough 
to trigger boiling along the trajecto­
ry of the particle and these events 
could be observed and recorded 
photographically. 

Shortly after this first design 
proved successful, bubble cham­
bers were constructed from metal-
glass combinations with photogra­
phy via optical glass windows. 
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Comparison of baryon magnetic moment 
measurements with theoretical (broken 
SU(6)) predictions. The units are nuclear 
magnetons. 

Subsequently a Berkeley group 
headed by Luis Alvarez extended 
chamber diameters from inches to 
6 feet. 

The Fermilab 15 Foot Chamber 
was the last in a long and distin­
guished line of 'visual' detectors. In 
Europe, the French-built Gargamelle 
bubble chamber installed at CERN 
in 1969 probed the nucleus with 
neutrino beams, going on in 1973 
to see for the first time the neutral 
currents of the weak interaction. 
The French bubble chamber tradi­
tion continued with Mirabelle, de­
signed at Saclay for use at the So­
viet 70 GeV accelerator at Serpuk­
hov. 

In the United States, Tom Fields 
and his Northwestern University 
Group developed the first bubble 
chamber in a superconducting mag­
net at Argonne, leading the way for 
Gale Pewitt and his colleagues who 
developed the 12 Foot Bubble 
Chamber at Argonne. The largest 
superconducting magnet chamber 
was BEBC at CERN, closed in 
1985. 

Fermilab's 15 Foot Chamber 
was the last large cryogenic bubble 
chamber to operate anywhere in 
the world. It recorded its first 
tracks on September 29, 1973 for 
Fermilab Experiment 28 and its last 
on February 1, 1988 for Experi­
ment 632. In all, there were 17 ap­
proved and completed experiments 
performed with the chamber, cov­
ering a wide variety of physics to­
pics. 

Omega minus 
magnetic moment 

Fermilab Experiment 756 (a colla­
boration of Fermilab, Michigan, 
Minnesota, and Rutgers) is looking 
at the magnetic properties of the 

experiment broken SU(6) 

p 2.794 input 

n -1.913 input 

A -0.613+0.005 input 

X+ 2.38±0.02 
2.479±0.025 2.67 

E° ? 0.79 
• 

5f -1.166+0.017 -1.09 

X->A -1.59+0.09 -1.63 

M -1.25010.014 -1.44 

M -0.69±0.04 -0.49 

£1 ? -1.84 

omega minus, the particle whose 
dramatic discovery at Brookhaven 
in 1963 confirmed the SU3/quark 
classification of strongly interacting 
particles. 

Measurements of magnetic 
moments provide an additional in­
sight into the quark structure of 
particles. The most simple quark 
model baryon magnetic moment 
predictions are about ten per cent 
off the experiment values, (see ta­
ble) and exact explanation of these 
differences provide a tough testing 
ground for refined models. 

The omega minus is a simple 
and unique system made up of 
three identical strange quarks with 
their spins aligned in parallel. 

Fermilab experiments have con­
tributed significantly in determining 
the magnetic moments of the hy-
perons. Beginning with Experiment 
8's discovery that lambda particles 
produced by protons were polar­

ized (spin aligned), a series of 
studies subsequently found that 
other hyperons - 'cascades' (xis) 
and sigmas - were similarly polar­
ized. At Fermilab energies, hype­
rons are copiously produced and 
typically travel several metres be­
fore they decay (due to the relativ­
ists time dilatation effect), so that 
their magnetic moments can be 
measured by precessing their spin 
in a magnetic field. 

The first goal for E-756 in the 
1987-8 fixed-target run (using an 
800 GeV primary proton beam) 
was to produce polarized omega 
minuses. Much effort went into the 
design of the incoming beam sys­
tem to ensure that equal and oppo­
site targeting angles could be 
achieved to better than 0.1 mrad, 
vital for systematic cancellation in 
the polarization measurement. 

Downstream of the production 
target, a curved charged hyperon 
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Schematic of the 67m long and 1.3m wide 
Fermilab hyperon beam spectrometer. Most 
of the space between detectors is filled with 
helium bags. M is a multiplicity counter. The 
last two MWPCs (multiwire proportional 
chambers) are electronically divided into left 
and right halves for triggering purposes. 

lion cascade minuses and 22,000 
omega minuses were produced by 
the polarized neutral beam, and 
preliminary analysis shows the par­
ticles to be polarized. This will give 
an initial value for the omega minus 
magnetic moment. The experiment 
has been approved to run again, 
with the goal gf measuring the om­
ega minus magnetic moment to 
higher precision. 

CONFERENCE 
Neutrino mass 

channel magnetically selected the 
momentum of the negatively-
charged secondary particles. The 
magnetic field was also used to 
precess the hyperon spins. 

A downstream spectrometer, 
consisting of six 2 mm spacing 
wire chambers and three 1 mm 
pitch chambers with 8 planes of 
silicon strip detectors and scintilla­
tors for triggering, picked up hype­
ron decay products. Photons from 
the decays were detected by two 
electromagnetic calorimeters made 
up of lead glass and lead-scintilla-
tor blocks. 

Data taking began last August, 
and by the end of September a 
sample of more than 20,000 ome­
ga minuses showed that the polari­
zation of the particle was too small 
for a precise measurement of its 
magnetic moment in the amount of 
time allotted for the run. 

The targeting scheme was 
quickly changed to give a high en­
ergy polarized neutral hyperon 
beam from primary protons inci­
dent at 2 mrad. After collimation, 
the polarized neutral beam was di­

rected straight at the chargfed hy­
peron production target. It took ap­
proximately one month to design 
and install this second stage of the 
experiment and the data accumu­
lated showed that the technique of 
passing the spin orientation from 
the secondary neutral beam to the 
tertiary charged hyperon beam 
worked well. 

The data will yield high precision 
measurements of the cascade min­
us and omega minus polarizations, 
magnetic moments, decay para­
meters, and lifetimes. In a prelimi­
nary analysis from the first target­
ing scheme, about 70 million three-
track triggers will provide some 10 
million cascades and 100,000 om­
ega minuses. Preliminary analysis 
of the cascade minus polarization is 
in good agreement with the results 
recorded by Experiment 620 using 
400 GeV beams. Full analysis 
should give the magnetic moment 
of the cascade minus to a precision 
of 1 % . 

The quality of the data collected 
in the spin transfer method is simi­
larly high. Approximately 1.5 mil-

Introduced by Pauli more than fifty 
years ago as the energy-stealing 
culprit in nuclear beta decay, the 
neutrino is the joker in the particle 
physics pack. Pauli wagered that 
nobody would ever be able to see 
it, but lost the bet in Reines' and 
Cowan's epic feat of detection in 
the 1950s. 

More than thirty years after the 
first sighting of a neutrino, nobody 
knows for sure what its mass is. 
Some cling to the idea of a mass-
less electron-type neutrino (the 
lightest variant of the particle), oth­
ers hold out for a small vestigial 
mass, which makes for some inter­
esting physics. 

Interest focused in March on a 
small international symposium on 
neutrino mass held at Tokyo Uni­
versity's Hongo campus and organ­
ized by Tokyo's Institute for Nu­
clear Study (Organizing Committee 
Chairman Sadayuki Kato). 

After an introduction by neutrino 
pioneer Fred Reines of Irvine, the 
first day of the meeting was given 
over to reports on precision 
measurements of the electron-type 
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(anti)neutrino mass in the beta de­
cay of trit ium. ITEP Moscow still 
hold to 26 electron volts (plus or 
minus about 20 per cent), while 
Tokyo INS prefer less than 28 eV, 
SIN Switzerland less than 18 eV, 
Los Alamos less than 27 eV, and 
Munich say 15 (+52-15) eV. Furth­
er improvements in accuracy are 
eagerly awaited. 

One neutrino question mark was 
removed last year wi th the discov­
ery of double beta decay, where 
the daughter nucleus is t w o Per­
iodic Table slots higher than its 
parent, fol lowing emission of t w o 
neutrinos (see January/February is­
sue, page 32). Several speakers re­
viewed progress. A neutrino mass 
upper limit of about one electron 
volt coming from double beta de­
cay data is not yet watert ight be­
cause of insufficient knowledge of 
detailed mechanisms. 

The Japanese Kamiokande un­
derground experiment was able to 
report its first results on solar neu­
trinos wi th energies above 7.5 
MeV (see also May issue, page 
25), where the signal is a fraction 

of what is expected from confident 
predictions of solar neutrino fluxes. 
This confirms the long-standing re­
sults of Ray Davis and underlines 
the 'solar neutrino puzzle'. 

New studies are in the pipeline, 
including a joint US/USSR effort at 
the Soviet Baksan neutrino obser­
vatory to use gallium, better suited 
to solar neutrino detection, and 
t w o experiments at the Italian Gran 
Sasso underground Laboratory (see 
May 1987 issue, page 26). 

Yoshio Yamaguchi of Tokai 
closed the meeting, putting the 
new results into the chequered 
context of neutrino history. 

From Sadayuki Kato 

At the recent International Symposium of 
Neutrino Mass and Related Topics held at 
Tokyo's Institute for Nuclear Study, neutrino 
mass specialists W. Kundig (Zurich) and T. 
Ohshima (INS Tokyo) compare notes. 

NEUTRINOS 
Underwater detector 

The successes in capturing neutri­
nos f rom last year's supernova un­
derlined the usefulness of large un­
derground detectors for this sort of 
physics, and ambitious new pro­
jects are now in the pipeline. 

Meanwhile another approach to 
cosmic neutrino detection, carefully 
prepared during the past decade, 
has now taken its first experimental 
steps. DUMAND - Deep Under­
water Muon and Neutrino Detector 
- aims to use the ocean as the ac­
tive medium, tracking particles wi th 
arrays of photomultipliers picking 
up the tiny nanosecond flashes of 
blue Cherenkov light emitted by 
cosmic particles as they pass 
through seawater. 

Based in Hawaii, the US/Ja­
pan/West Germany/Switzerland 
DUMAND collaboration has suc­
cessfully deployed its 'Stage I' de­
tector, consisting of a 60 metre 
string of seven photomultipliers, at 
depths of up to 4 kilometres in the 
Pacific west of Hawaii. 

About 24 ,000 cosmic ray 
muons were recorded, the event 
rate displaying how the detector 
string is sensitive out to about 17 
metres. In the final detector, neutri­
nos would be picked up through 
secondary muons released after 
collision wi th a seawater nucleon. 

Stage II DUMAND envisages a 
20 ,000 square metre array of nine 
330-metre-deep strings each con­
taining 24 sensitive modules. A 
4.8 km-deep basin west of Hawaii 
provides enough depth to screen 
out most cosmic ray muons (pro­
vided the zenith quadrant is ex­
cluded), wi th clear water to ensure 
good light transmission and mini­
mal biological activity to disturb 
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< Sketch of the 60 metre-long Stage I DU­
MAND detector with its array of seven pho-
tomultipliers. 

Y Deployment of the photosensitive detec­
tor module for Stage I of the DUMAND -
Deep Underwater Muon and Neutrino Detec­
tor - in the Pacific Ocean west of Hawaii. 

operation. 
DUMAND uses 16-inch Hama-

matsu phototubes wi th hemispheri­
cal cathodes, enclosed in oceano-
graphic research glass spheres 
capable of resisting the accumu­
lated pressure of 100 atmospheres 
per kilometre of depth. Data is read 
out through optical fibres. 

In addition to cosmic ray detec­
t ion, the highly sensitive photomul-
tipliers discovered a new form of 
deep ocean bioluminescence, sub­
sequently confirmed by Soviet re­
searchers. 

For the full detector, formidable 
challenges lie ahead, including the 
development of deploying machin­
ery, detector-to-shore links, and 
methods for accurate string interlo-
cation. However solutions for all 
these problems are known, and will 
be presented in the Stage II propo­
sal. 
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assur ing that all modules in the NIM bin are 
receiving the correct voltages. 

T C 911 TURBO Power Supply Benefits: 

Load up your TB4 STATUS N IM bin wi th your 
most power -hungry modules — now you're not 

l imi ted to on ly 150 or 200 watts of ou tpu t power! 
Our TURBO power supply wi l l deliver up to 451 watts at 100% 

duty cyc le at 50 °C ambient temperature! 
* Compact (23.2 C M L x 42.7 C M W x 8.7 CM H) design al lows good vent i lat ion in enclosed N IM racks. 13.4 CM L x 13 C M W x 

12.6 CM H coo l ing tower has bui l t - in fan and innovative heat pipes for extremely effective heat d iss ipat ion. 
* Reliable and rugged — bui l t to last. Exclusive output current fo ldback on each dc vol tage wi th automat ic recovery when 

excessive demand is removed protects the power supply. Three thermal sensors disable output if ambient operat ing temperature 
is above l imits. Eighteen (18) pound (8.2 kg) t ransformer conservat ively rated. 

Want to know more about the T B 4 STATUS N I M bin or T C 911 TURBO power supply? Or any other product in our 
extensive product l ine? Cal l or wri te today for detai led specif icat ion sheets a n d prices f rom Tenne lec , your innovat ion 
and per formance leader. 

TENNELEC 
601 Oak Ridge Turnpike, P.O. Box 2560 
Oak Ridge, Tennessee 37831-2560 USA 

Telephone (615) 483-8405 
TWX 810-572-1018 FAX (615) 483-5891 CALL TOLL FREE 8 0 0 - 2 5 5 - 1 9 7 8 

TENNELEC, GmbH 
MUnchner Strasse 50, D-8025 Unterhaching 

West Germany 
Telefon: 089/6115060 Telex: 5215959 FRIE O 



People and things 

On people 

The prestigious Max Planck Medal 
of the German Physical Society 
goes this year to theorist Valentine 
Bargmann of Karlsruhe. Hans Gut-
brod of GSI Darmstadt and CERN 
and Reinhard Stock of Frankfurt 
and CERN receive the Robert Wi-
chard Pohl Prize for their work on 
nuclear matter at high densities and 
temperatures, while CERN theorist 
Andre Neveu is the recipient of the 
Franco-German Gentner-Kastler 
prize, awarded in alternate years to 
French and German researchers. 
Alfred Petersen received the 1988 
'Physik Preis' (see April issue, page 
32). 

Erich Vogt, Director of the TRIUMF 
Laboratory in Vancouver, is to re­
ceive the 1988 Medal for Achieve­
ment in Physics, the leading annual 
award of the Canadian Association 
of Physicists. He will also be re-

The team testing the superconducting mag­
nets for the proton ring at the HERA elec­
tron-proton collider being built at DESY. At 
the rear is the first of ten pre-series 9-metre 
dipoles for the HERA bending magnet con­
signment supplied by Italian industry. All 
three 9-metre magnets tested previously 
were made at DESY and put into cryostats 
at Brown-Boveri Co. (BBC) Mannheim. 
Brown-Boveri are making the second con­
signment of dipoles, and the first pre-series 
magnet should be ready soon. 

ceiving an honorary Doctor of 
Science degree from Carleton Uni­
versity in Ottawa this year. 

In March, the scientific community 
of the Joint Institute for Nuclear 
Research, Dubna, near Moscow, 
celebrated the 75th birthday of 
Academician Georgi Nikolaevich 
Flerov, Director of Dubna's Labora­
tory for Nuclear Reactions. As well 
as making landmark contributions 
to fission physics, he has super­
vised the construction of Dubna's 
basic facilities for heavy ion accel­
eration and the Laboratory's phy­
sics discoveries with heavy nuclei. 

George Kalmus of the UK Ruther­
ford Appleton Laboratory has been 
elected Fellow of the Royal Socie­
ty. 

Daniel Froidevaux of Orsay and the 
UA2 experiment at CERN's proton-

Academician Georgi Nikolaevich Flerov, Di­
rector of the Laboratory of Nuclear Reac­
tions at the Joint Institute for Nuclear Re­
search, Dubna, near Moscow, recently cele­
brated his 75th birthday. 

antiproton collider has been 
awarded the Thibaud Prize of the 
Academie des Sciences et Lettres 
of Lyon, France, in recognition of 
his contributions to UA2's achieve­
ments. The Prize is awarded every 
two years, having gone in 1985 to 
Michel Spiro of Saclay and the UA 1 
experiment at the CERN collider. 

Rodney Cool 

Rodney L. Cool died on 16 April. A 
distinguished career at Brookhaven 
culminated in his being the Labora­
tory's Associate Director for High 
Energy Physics from 1966-70. 
Subsequently he established an ex­
perimental physics group at Rocke­
feller University. At CERN, where 
he did research for the last 18 
years, he contributed to important 
studies at the Intersecting Storage 
Rings, including the CERN/Colum-
bia/Rockefeller collaboration's ob­
servation of constituent effects in 
proton-proton collisions, and later 
to the UA6 gas jet target experi­
ment at the SPS. 
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Penn State 
Faculty Position 

Theoretical High Energy Physics 

The Depar tmen t o f Phys ics o f The Pennsylvania Sta te 
Un ivers i ty inv i tes app l i ca t ions f o r a tenure- t rack facu l ty 
pos i t i on in theore t ica l par t ic le phys i cs / f i e l d theo ry . The 
cur rent research in te res ts o f the theo ry g roup include 
grav i ta t ion and c o s m o l o g y , supers t r i ng t heo ry and super-
g rav i t y , and many areas o f p h e n o m e n o l o g y . The depar t ­
m e n t a lso has a ve ry ac t ive exper imenta l high energy 
phys ics g roup . The success fu l app l icant shou ld -have a 
Ph.D. and p o s t d o c t o r a l exper ience and is expec ted t o 
teach at b o t h the underg radua te and graduate levels and 
c o n d u c t an act ive research p r o g r a m . Candidates shou ld 
submi t a let ter o f app l i ca t ion , a cur r icu lum v i tae , a brief 
desc r ip t i on of research p lans , and the names of at least 
th ree re ferences t o 

Professor Howard Grotch 
Acting Head 
Box THP, Department of Physics 
The Pennsylvania State University 
University Park, PA. 16802 

Depend ing on the avai labi l i ty o f a sui table cand idate and 
sub jec t t o budge ta ry approva l t he s tar t ing da te can be as 
early as January 1 9 8 9 . A p p l i c a t i o n deadl ine N o v e m b e r 
3 0 , 1 9 8 8 , or unt i l a su i tab le cand ida te is ident i f ied . A n 
a f f i rma t i ve /equa l o p p o r t u n i t y emp loye r . W o m e n and m i ­
nor i ty encouraged t o app ly . 

HEP Research 
Positions 
Visiting Faculty 
at Stony Brook 
The State University of New York at Stony Brook has several 
positions available for work on the DO Detector, which will 
have its initial running data run at the Fermilab 2 TeV pp 
Collider in late 1989. The Positions include Research 
Associate and/or research faculty appointments at levels 
commensurate with experience. Also available is a visiting 
faculty position for a term of 1-2 years. Stony Brook is 
involved in the construction of the central tracking detector 
and in the development and installation of the liquid 
argon-uranium absorber calorimetry. The group presently 
consists of 9 faculty and 9 research staff. Opportunities exist 
for hardware and software activities in support of both 
projects. 
Applications, including vitae and three letters of reference, 
should be sent t o : 

Professors 
R. Enge lmann /M. Ri jssenbeek, 
c/o Physics Depar tment , 
SUNY Stony Brook, 
Stony Brook, 
NY 11 7 9 4 - 3 8 0 0 , USA. 

SUNY Stony Brook is an affirmative action/equal opportunity 
educator and employer. AK # 103. 

A S S I S T A N T P R O F E S S O R 
E X P E R I M E N T A L H I G H 

E N E R G Y P H Y S I C S 

F l o r i d a S t a t e U n i v e r s i t y 

The Physics Department is seeking qualified candi­
dates for a tenure-track faculty position. The exper­
imental group has made major commitments to the 
collider programs, DO (FERMILAB) and ALEPH 
(CERN) , and the candidate is expected to have 
compatible research interests. The research group 
has close association with the Supercomputer Com­
putations Research Institute with access to a CY­
BER 205 and ETA-10 supercomputers as well as 
a number of VAXes. Applicants should submit a 
resume, the names of at least three references and 
a statement regarding teaching and future interests 
to 

P r o f . D o n a l d R o b s o r a , C h a i r m a n 
D e p a r t m e n t o f P h y s i c s 

F l o r i d a S t a t e U n i v e r s i t y 
T a l l a h a s s e e , F l o r i d a 3 2 3 0 6 - 3 0 1 6 

U . S . A . 

For further information call (904)6441492 

Tiie Florida, State University is an Equal Opportu­
nity, Affirmative Action Employer. 

UNIVERSITY OF GENEVA 

The Department of Nuclear and Particle Physics has 
an opening for a position of 

RESEARCH 
ASSOCIATE 

to join a group involved in the L3 Experiment at LEP. 
The candidate must have a PhD in high energy 
physics. This is a non permanent position limited 
to a maximum of 6 years. 

Applications should be sent before August 3 1 , 
1988 t o : 

Prof. E. Heer, Director 
of Departement de physique 
nucleaire et corpusculaire 
2 4 , quai Ernest-Ansermet 
CH -1211 Geneva 4 
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Superconducting 
offer 

A free A2-size wallchart trac­
ing the history of supercon­
ductivity and featuring the 
new high temperature 1:2:3 
superconductors is available 
from Good fellow Advanced 
Materials, The Science Park, 
Cambridge, CB4 4DJ, UK. 
Good fellow also supplies a kit 
of essential materials for 
those who want to make their 
own 1:2:3 superconductors. 

Supercomputer designer Seymour Cray (left) 
inspects the LEP tunnel at CERN with Robert 
R. Levy, President of Cray Research's South 
European Region. At CERN, Cray enthusiasti­
cally extolled the potential of gallium 
arsenide semiconductors for tomorrow's su­
percomputers, claiming that although the 
first machines exploiting this fast technology 
are ten times more powerful than their pred­
ecessors, the technology is still in its infan­
cy, at the same state of advancement as sili­
con was twenty years ago. 

(Photo CERN 0354.4.88) 

Meeting 

The Rare Decay Symposium at 
TRIUMF, Vancouver, Canada, from 
30 November to 3 December will 
focus on the rare decays of kaons 
and B mesons. Participation is lim­
ited to 125. Further information 
from Organizing Committee Chair­
man J.-M. Poutissou at TRIUMF, 

Electronic Mail 
The CERN Courier editorial 
desk can be contacted 
through electronic mail using 
the EARN/BITNET communi­
cations network. The Editor's 
address is 

COURIER@CERNVM 

Contributions coming in 
through electronic mail are 
edited on the screen, and are 
now coded for typesetting 
before being sent to the print­
er through a telephone mod­
em link, making for increased 
flexibility. 

For subscriptions (free!), 
changes of address, etc. 
the contact is 

MONIKA @CERN VM 

Distribution in the USA, West 
Germany, Italy, the UK and 
China is handled from regional 
centres (see page III). 

4004 Wesbrook Mall, Vancouver 
B.C., Canada V6T 2A3, bitnet JMP 
at TRIUMFCL. 

Among the items being air-dropped 
this month to Nigel Smith, manning 
single-handed the South Polar Air 
Shower Experiment (Bartol/Leeds 
collaboration) throughout the An­
tarctic winter, is a copy of the April 
issue of the CERN Courier, where 
Nigel made the front cover. 

CERN Courier, June 1988 35 



I I 

% $tsw«f Serssltlvi 

NEW: 
BUILT-IN 

MATHEMATICAL 
FUNCTIONS 

HP 54110D: 
40 MSample / s ; l G H z 

Bandwidth; 10 ps. Timing and 
10 Bit Resolution 

HP 54111D: 
1 GSample/s ; 500 M H z 

Bandwidth; 8 K Memory / 
Channel; 8 Bit Resolution 

HP 54112D: 
400 MSample/s; 100 M H z 

Bandwidth (single-shot); 4 simulta-
I neous Channels; 64 K Memory / 

Channel; 8 Bit Resolution 
HP 54120T: 

20 G H z Bandwidth; 12 Bit Resolution; 
0.25 Picosecond Timing Resolution; 

T D R and Statistical Analysis 

SELECT O N E O F H E W L E T T - P A C K A R D ' S M O S T A D V A N C E D 
D I G I T I Z I N G O S C I L L O S C O P E S 

J 

HP 5185T: 
I 250 MSample/s ; 64 K Memory/channel ; 

8 Bit Resolution; FFT function built-in. 

For more information; or a demonstra­
tion; please contact your local H P office. 

H E W L E T T 
P A C K A R D 

STR700 T / t e VM'E-Crate toitfiout any ifs andButs 

* I 

STR700 
* Unconditional modularity 
* Easy service 

No new cabling in case of service, when 
fan unit or power supply are exchanged. 

* Independent bin 
* Rigid mechanics 
* Direct access to J2/P2 

* 19M width, 8U, 400mm depth; 
incl power supply tray and fan tray 

* 21 slots 

* 1 VME backplane with up to 

21 slots ttU 
* 2 active or passive terminators 

* Power supply 300W 

+ 5V/60A, + 12V/4A, - 12V/4A 

Option: 
* + 5V/100A, + 12V/8A, - 12V/8A 

or other high power versions 

* VME I/O backplane 

* Benchtop case 9U 

* Display for all voltages 
and currents 

* Status and fan fail display 
* Fan control 
* A.C. fail signal output 
* Fan fail and power fail disable 

power supply 
* System reset pushbutton 
* High and low fan speed 

CysA) LeCr°y 
— Tel. 914 425 20000 

CGB^CT^ 5MITH & JONES 
Tel. 0 635 41087 

ry^) BERGOZ 
Tel. (50) 410089 

rfjP) UNITRONICS 
^ Tel. 4302 38559 

^ p ) GRAFINA, S.A. 
^ Tel. (93) 2010044 

(fChTN AN TARES AG 
Tel. 056 823783 

<f~P> ELE5Y5 
— y Tel. 06 897794 

(CNQ) RAYONICS SCIENTIFIC INC 
Tel. 416-736-1600 

CG^) OPTICAL SYSTEMS LTD 
Tel. 9023033-39 

Cs^) GUNNAR PEfTERSON AB 
Tel. 08 930 80 

3 
a 1 j 
2 g i v * £ 

U y i i n y j j 

DR. B. STRUCK 

M O R E T H A N A G O O D L I N K 

D-2000 TANGSTEDT * P.O.Box 1147 * W-GERMANY 
Telefon:(04109)55-0 Telefax: (04109) 5533 Telex: 2 180 715 tegs 



High Performance 
BaF2 Scintillators 

F.u.G. Elektronik GmbH 

Quality from Germany! 

MERCK - the authorized source! 

High quality BaF2 Scin­
tillators produced under 
CEA* patents 

MERCK together with 
CRISMATEC is sole 
licensee for such BaF2 

Scintillators 

Commissariat a I'Energie Atomique, 
Paris, France 

• MERCK is also a reliable 
supplier for Csl, NaF, 
BGO and other materials 
of interest to you 

For further information 
please contact E. Merck, 
Darmstadt 

M E R C K 

E. Merck 
VIC ELO 
P.O. Box 4119 
D-6100 Darmstadt 1 
Phone: (06151) 723686 
Fax: (06151) 723630 
Telex: 419 328-0 emd 

We develop and manufacture low and high voltage 
power supplies for any appliance as e.g. 

capacitor-charging supplies 
chopper-regulated 

28 standard types from 2 kV-65kV, up to 
1600 J/sec. 
This series is designed for periodic charging of 
capacitors. 

Performance characteristics: 
• High efficiency of approx. 9 0 % 
• Voltage regulation via constant but adjustable 

charging current 
• The charging process occurs without 

overshoot 
• These units are suitable for continuous or com­

pensation charge 
• An external protection resistor is not required 
• A voltage reversal during surging discharges 

is permitted up to rated value for max. 
10 jisec 

• The units are continuous short-circuit-proof 

HCN 200K-12500 
0-12,5 kV, 0-30 mA, 200 J/sec 

Ask for our catalogue: 

F.u.G. Elektronik GmbH 
Florianstr. 2, 8200 Rosenheim, W-Germany 
Telefon 0 80 31 / 8 10 93 
Telex 525 712, Telefax 0 80 31 / 8 10 99 
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p 1 R E L L 1 S P E C 1 A L C A B L E S 

Only a great past conceives 
a greater future. 

With technology advancing so 
rapidly, just how do you keep up 
with the latest developments? 

That's when you need the 
experience of the specialist with a 
proven track record. 

And in advanced cable 
technology that frontrunner is 
always Pirelli Special Cables. 

Backed by the know-how and 
resources of one of the world's 
leading industrial groups, Pirelli 
Special Cables are designed to 
perform in the most sensitive 
applications, in the most 
demanding conditions. 

In electronics, computing, 
telecommunications, nuclear, 

industries, defence, and specialized 
installations, Pirelli Special Cables 
are synonymous with the utmost 
safety, security and reliability. 

Pirelli Special Cables -
available today, to meet the needs 
of tomorrow - in the tradition of 
all Pirelli Cables. 

Societa Cavi Pirelli spa 
Azienda Cavi Speciali 

20098 San Giuliano Milanese (Mi) 
Via Giovanni XXIII, 23 - Telephone (02) 9807.1 

Telex 321304 - Fax (02) 9807266 


