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THE FURTHER WE GO, 
THE FURTHER YOU GO. 

At the cutting edge of scientific 
research there's a demand for RF and 
microwave energy that existing tech­
nology can't deliver. 

At Thomson-CSF we undertake major 
projects to develop new technology work­
ing in close collaboration with our 
customers. 

What's vital is that we have the know-
how to supply you with 
the very high power 
sources you need for 
particle accelerators 
and plasma heating. 

Know-how acquir­
ed in fields such as 
high-power radars and 
broadcasting where 
a leader. 

The successes obtained in these areas 
are due to Thomson-CSF technological 
innovations such as Pyrobloc® grids and 
our Hypervapotron® cooling system 
which guarantee the efficiency, reliability 

Gyrotron for 
plasma heating f up to 200 kW 
peak power at 
100 GHz. 
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Thomson-CSF 

High power CW klystrons up to 
1.2 MW at 352 MHz and 500 kW 
at 3,7 GHz (60 sec). 

High power tet-
r o d e s up t o 
2 MW CW (210 
sec.) at 80 MHz 
( h i g h e r f r e ­
quencies obtain­
able at lower 
power levels). 

Single-window high 
power pulsed klys­
trons for particle 
accelerators up to 
35 MW/17.5 kW at 
3.6 GHz. 

A full range of 
h igh v o l t a g e 
switching tet­
rodes used in 
a s s o c i a t e d 
power supplies. 

and long life of our tubes. 
This high performance means im­

portant cost savings for the end user. 
For special needs - including windows 

and oversized components capable of 
handling the required energy - we tailor 
our products to your requirements. 

In radio and television, telecommuni­
cations, military and civil aviation, as well 
as in a wide range of scientific and medical 
applications, Thomson-CSF know-how 
gets your systems moving. Fast. 

Our high-energy tubes have been chosen 
for the world's most important projects. 

^ THOMSON-CSF 
E L E C T R O N T U B E S 

THOMSON-CSF 
Division Tubes Electroniques 
38, rue Vauthier - BP 305 
F-92102 BOULOGNE-BILLANCOURT CEDEX. 
Tél.: (1) 46 04 81 75.Télex: TH0MTUB 200772F. 

B e l g i q u e : BRUXELLES B r a z i l : SAO PAULO 
Tel. (32-2) 648 64 85 Tel. (55-11) 542 47 22 
Tx 23113 T H B X L B Tx (011) 24 226 TCSF BR 

I t a l i a : ROMA J a p a n : TOKYO 
Tel. (39-6) 6 3 9 0 2 4 8 Tel. (81-3) 2 6 4 6 3 4 6 

C a n a d a : MONTREAL-QUEBEC D e u t s c h l a n d : MUNCHEN 
Tel. (1-514) 288 4148 Tel. (49-89) 78 79-0 
Tx 5 560 248 TESAFI MTL Tx 522 916 CSFD 

U n i t e d - K i n g d o m : BASINGSTOKE 
S v e r i g e : TYRESO Tel (44-256) 29155 

Espana : MADRID F r a n c e : BOULOGNE-BILLANCOURT 
Tel. (34-1) 4 0 5 1 6 1 5 Tel. (33-1) 4 6 0 4 8 1 75 
Tx 4 6 0 3 3 TCCE E Tx TH0MTUB 200 772 F 

U . S . A . : DOVER 
Tel (1-201) 3 2 8 1 4 0 0 



Laboratory correspondents: 
Argonne National Laboratory, USA 

M. Derrick 
Brookhaven National Laboratory, USA 

N. V. Baggett 
Cornell University, USA 

D. G. Cassel 
Daresbury Laboratory, UK 

V. Suller 
DESY Laboratory, Fed. Rep. of Germany 

P. Waloschek 
Fermi National Accelerator Laboratory, USA 

M. Bodnarczuk 
KfK Karlsruhe, Fed. Rep. of Germany 

M. Kuntze 
GSI Darmstadt, Fed. Rep. of Germany 

G. Siegert 
INFN, Italy 

M. Gigliarelli Fiumi 
Institute of High Energy Physics, 
Beijing, China 

Wang Taijie 
JINR Dubna, USSR 

V. Sandukovsky 
KEK National Laboratory, Japan 

K. Kikuchi 
Lawrence Berkeley Laboratory, USA 

W. Carithers 
Los Alamos National Laboratory, USA 

0. B. van Dyck 
Novosibirsk Institute, USSR 

V. Balakin 
Orsay Laboratory, France 

Anne-Marie Lutz 
Rutherford Appleton Laboratory, UK 

A. D. Rush 
Saclay Laboratory, France 

A. Zylberstejn 
SIN Villigen, Switzerland 

J. F. Crawford 
Stanford Linear Accelerator Center, USA 

W. W. Ash 
Superconducting Super Collider, USA 

Rene Donaldson 
TRIUMF Laboratory, Canada 

M. K. Craddock 

Copies are available on request from: 
China — 

Dr. Qian Ke-Qin 
Institute of High Energy Physics 
P.O. Box 918, Beijing, 
People's Republic of China 

Federal Republic of Germany — 
Gabriela Martens 
DESY, Notkestr. 85, 2000 Hamburg 52 

Italy — 
INFN, Casella Postale 56 
00044 Frascati 
Roma 

United Kingdom — 
Elizabeth Marsh 
Rutherford Appleton Laboratory, 
Chilton, 
Didcot 
Oxfordshire 0X11 OQX 

USA/Canada — 
Margaret Pearson 
Fermilab, P.O. Box 500, Batavia 
Illinois 60510 

General distribution — 
Monika Wilson 
CERN, 1211 Geneva 23, Switzerland 

CERN COURIER is published ten times yearly 
in English and French editions. The views 
expressed in the Journal are not necessarily 
those of the CERN management 
Printed by: Presses Centrales S.A. 

1002 Lausanne, Switzerland 
Published by: 
European Laboratory for Particle Physics 
CERN, 1211 Geneva 23, Switzerland 
Tel. (022) 83 61 11, Telex 419 000 
(CERN COURIER only Tel. (022) 83 41 03) 
USA: Controlled Circulation 
Postage paid at Batavia, Illinois 

Volume 27 
N ° 5 
June 1987 

6 

11 

12 
16 
17 
18 

19 
27 

31 

International Journal of High Energy Physics 
E d i t o r s : G o r d o n Fraser , Br ian S o u t h w o r t h , Henr i -Luc Felder 
(French ed i t ion ) / A d v e r t i s e m e n t s : M i c h e l i n e Falciola / A d v i s o ­
ry Pane l : R. K l a p i s c h (Cha i rman) , H. B 0 g g i l d , H. Lenge le r , 
A . M a r t i n 

Around the Laboratories 

D E S Y : P r e p a r i n g f o r p r o t o n s / T h e RFQ s t o r y 
Getting ready for new beams/The changing face of preinjec-
tion 

BEIJ ING: C h i n a w a r e 
Electron-positron machine takes shape 

CORNELL: R e c o r d 
Electron-positron storage reaches new heights 

CERN; T r a c k i n g b y f i b r e s 
Grooming new detector techniques 

O R S A Y : T h e LURE o f s y n c h r o t r o n r a d i a t i o n 
More beams for light work 

Physics monitor 

W O R K S H O P : L o w t e m p e r a t u r e d e v i c e s 
Searching for elusive particles 

M i x i n g par t i c l es 
Transmutation under the weak force 

E n c o u n t e r s w i t h s t r o n g f i e l d s 
Looking deep inside crystals 

S a m e s i g n m u o n pa i rs O K ? 
A hard look at lepton pairs from neutrinos 

O t h e r p e o p l e ' s a c c e l e r a t o r s 
Second report from Washington conference 

T h e in te rp lay o f t h e o r y a n d e x p e r i m e n t 
by Maurice Jacob 

People and things 

Cover photograph: 
While astronomers continue to admire the celestial fireworks of the 
'close' 1987a supernova (160 000 light years away), particle physi­
cists pore over their neutrino data — scanty, but the first particle infor­
mation from a gravitational collapse. This colour photograph is a com­
posite of three monochrome exposures from the European Southern 
Observatory's 1 m Schmidt telescope at La Silla, Chile. The bright 
supernova is to the right of the centre. Most of the fainter stars belong to 
the Large Magellanic Cloud, a satellite galaxy to our own Milky Way. 
Blue stars are hot (10 000 degrees or more) while red and yellow are 
between 2 000 and 3 000 degrees. Astronomical observations of the 
evolving supernova should provide additional clues as to what happen­
ed on 23 February 160 000 years ago (Photo European Southern 
Observatory). 
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CAMBRIDGE 
Superstring Theory 
MICHAEL B. GREEN, J O H N H. SCHWARZ and 
EDWARD WITTEN 
In recent years, superstring theory has emerged as a promising 
approach to reconciling general relativity theory with 
quantum mechanics and unifying the fundamental 
interactions. Interest in the subject has greatly increased 
following a succession of exciting recent developments and 
this two volume work fills the need for a systematic exposition 
of superstring theory and its applications accessible to as wide 
an audience as possible. 

Volume 1: Introduction 
Providing a self-contained introduction to superstrings, this 
first volume begins with an elementary treatment of the 
bosonic string. Succeeding chapters describe the 
incorporation of additional degrees of freedom - fermionic 
degrees of freedom, leading to supersymmetry, and internal 
quantum numbers, leading to gauge interactions. There 
follows a detailed discussion of the evaluation of tree 
approximation scattering amplitudes. 
Cambridge Monographs on Mathematical Physics 

469 pp. 198" 0 521 32384 3 £32.50 net/$39.50 

Volume 2: Loop Amplitudes, 
Anomalies and 
Phenomenology 
The second volume contains many topics from recent 
research papers, concerned largely with the evaluation of one-
loop amplitudes, the study of anomalies and 'phenomenology'. 
An extensive exposition is made of the four-dimensional 
physics that arises by compactification of six extra dimensions. 
This discussion requires many geometric concepts, which are 
presented in considerable detail. 
Cambridge Monographs on Mathematical Physics 

596 pp. 198" 0 521 32999 X £37.50 net/$49.50 

Now in paperback 

Spinors and Space-Time 
Volume 1 
Two-Spinor Calculus and Relativistic Fields 

ROGER PENROSE and WOLFGANG RINDLER 
This volume introduces, and systematically develops, the 
calculus of 2-spinors. 

by far the most comprehensive treatment in the literature of 
spinorial methods in general relativity ... acquisition should be 
given top priority by anyone working in either the classical or 
quantum theories of gravity.' (Contemporary Physics 

very like to become a classic/ Sature 

Cam bridge Monographs on Mathematical Physics 
-158pp. 198" 0 521 33^0" 0 Pb £17.50 net/$29-95 

Introduction to 
Supersymmetry 
PETER G. O. FREUND 
In such a rapidly changing field, this book provides a brief, but 
up-to-date, introductory description of the new physical and 
mathematical ideas involved in formulating supersymmetric 
theories. 

... refreshingly unconventional ... can be recommended to 
those looking for a brief and not overly technical exposition of 
s u p e r s y m m e t r y. ' Xatu re 

Cambridge Monographs on Mathematical Physics 
164 pp. 1986 0 521 26880 X £20.00 net/$34.50 

Now in paperback 

Quantum Field Theory 
L. H. RYDER 
As simply as is possible, this book describes the ideas and 
techniques of quantum field theory, on which is based our 
current understanding of subnuclear physics. 

From reviews of the hard cover edition: 
... a very valuable and recommendable literature on the 

subject.' C Itzykson,Zentralblatt fur Mathematik 
443pp 1986 0 52 1 33859 X Pb £15.00 net/$24.95 

Now in paperback 

The Birth of Particle Physics 
Edited bv LAURIE M. BROWN and 
LILLIAN H O D D E S O N 
The editors have brought together here a distinctive 
collection of essays, discussions, and personal descriptions of 
the evolution of particle physics. 

This is a fascinating book for anyone interested in the history 
of elementary particle physics and the many references form 
an invaluable source for historians. Physics Bulletin 

412 pp. 1986 0 521 3383" 9 Pb £12.95/$18.95 

Schrôdinger: Centenary 
Celebration of a Polymath 
Edited by C . W. KILMISTER 
To celebrate the centenary of Schrodinger's birth, leading 
figures from physics, theoretical chemistry and molecular 
biology have collaborated to produce this survey of the man 
and his science. Some of the contributions are biographical in 
nature but most deal with modern scientific developments in 
the fields which Schrôdinger himself influenced. 

253pp 198" 0 521 340r 9 £30.00 net7$54.50 

Applicable Differential 
Geometry 
M. CRAMPIN and F. A. E. PIRANI 
This is an introduction to geometrical topics useful in 
preparation for the study of modern treatments of mechanics, 
gauge field theories, relativity and gravitation. Each chapter 
ends with a summary of important concepts and results; in 
addition there are over 650 exercises. 

London Mathematical Society Lecture Note Series 59 
400 pp. 198" 0 521 23190 6 Pb £17.50/$34.50 

The Quantum Universe 
A. J . G. HEY and P. WALTERS 
The world of atoms and particles extends far beyond the 
technicalities of high-energy physics and mathematical 
theories and this colourful book sets out to explain our 
quantum universe in simple terms, illustrating the broad 
spectrum of applications which have become a part of our 
everyday lives. 

* more than 200 figures, many in 2-colours 
* over SO colour photographs 
* numerous potted' biographies of the discoverers and 
personalities of modern physics. 

192 pp. 198" 0 521 26"^4 " He £27.50 net/$47.50 
0 521 31845 9 Pb£9.95net/$16.95 

For further details of all Cambridge Physics titles write to 
Sally Seed in Cambridge or Clay Cordon in New York. 

Cambridge University Press 
The E d i n b u r g h B u i l d i n g , Shaf tesbury R o a d , C a m b r i d g e C B 2 2 R U , U K 
32, East 57th Street , N Y 10022 , U S A 
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Winner 
From 900 to 
1010 nm, our 
new InGaAs PMT 
is simply better. 

That's a strong statement to 
make. But in the 900 to 1010 nm 
range, our new R2658 photo-
multiplier tube is simply 
more sensitive. Longer lasting. 
Quieter. Better. 

With a response range of 
185-1010 nm, this 1 %" diameter 
side-on device reaches farther 
than GaAs tubes into the near 
IR. Its dark current is 102 lower 
than the old S-1. Yet it offers 
the same time response and 
current amplification charac­
teristics you've come to expect 
from GaAs tubes. 

The R2658 is ideal for low 
light detection in fluorescence, 
fiber optic and laser appli­
cations, as well as for use in 
spectrophotometers. 
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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 5 5 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. 

© 1986, HAMAMATSU Corporation 
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(CFULGORCAVI 
A27 KM LONG, 100 MT DEEP TUNNEL FOR THE 

BIGGEST SUBNUCLEAR PARTICLE ACCELERA TOR 
IN THE WORLD 

20 kV cables chosen by CERN, manufactured by Nuova Fulgorcavi SpA. 
— provide excellent electric characteristics 
— are resistant to nuclear radiations 
— are fire retardant 

do not exhtaletoxic, opaque and corrosive gases 

= l TUT 

NUOVA FULGORCAVI s.p.a. 
> Via del Crociflsso, 18. 
04W0 Latin* Italy 
W 680886/7 NUFVLG I 

FULGORFLAM CABLES: 
THE NUOVA FULGORCAVI'S 

ANSWER TO THOSE WHO ARE 
A WARE OF FIRE EFFECTS IN 

BOTH LOW AND HIGH 
VOLTAGE CONNECTIONS 

FULGOR 
FIRE RETARDANT CABLES 

WITH LIMITED GENERA TION OF TOXIC 
OPAQUE AND CORROSIVE GASES 



Around the Laboratories 

DESY 
Preparing for protons 
The protons for the new HERA 
electron-proton collider now being 
built at the German DESY Labora­
tory in Hamburg will come from 
negative hydrogen ions accelerated 
up to 50 MeV in a new linac, Linac 
III. After stripping off electrons in 
a foil, the protons will be injected 
into the DESY III synchrotron, soon 
to be built. Protons will reach the 
PETRA II ring (see May issue, 
page 17) at about 7 GeV, leaving 
at 40 GeV ready for injection into 
the main HERA ring. 

Good progress has been made 
in setting up the first sections of 
Linac III. The ion source with bend­
ing magnet and solenoids for beam 
matching provides currents much 
higher than required for HERA. The 
18 keV negative hydrogen ion 
beam is sent into a radiofrequency 
quadrupole (RFQ) designed at the 
Institute for Applied Physics of the 
University of Frankfurt and preci­
sion-built by industrial specialists 
(Balzers/Pfeiffer at Aslar). 

The 118 cm RFQ has been suc­
cessfully tested. It provides a 
750 keV beam ready for the linac, 
27 mA having been accelerated 
without measurable loss. At the 
highest current supplied by the ion 
source (55 mA), the RFQ still trans­
mitted 42 mA, compared to the 
10 m A demanded in the HERA 
proposal. 

Before installing the definitive 
RFQ, the Frankfurt group tested a 
much simpler device made of four 
rods instead of precision machined 
and adjusted vanes (see page 3). 
A beam of about 35 mA reached 
the 750 keV output level. 

Conventional precision-built four-vane 
radiofrequency quadrupole (RFQ). 

Karl-Heinz Rape with the rod radiofrequency 
quadrupole after its successful test for the 
new Linac III at the DESY Laboratory in 
Hamburg. 

(Photo P. Waloschek) 
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Insulating Materials with High Radiation 
Resistance 

The Swiss Insulating Works together with CERN 
carried out detailed tests about the radiation resis­
tance of numerous high voltage insulating ma­
terials. The results published in the "Q^RN Publi­
cation 85-02 of the Technical Inspection and Safe­
ty Commission" prove the usability of selected in­
sulation under working conditions with high radia­
tion. A radiation dose of 5x l0 7 Qy affects only very 
little the break down voltage of our conductor in­
sulating tape Grade 366.16 which consists of sami-
capor, glass fabric and silicone resin. Our high volt­
age insulating material for motors and other elec­
trical apparatus behaves similarly good: Samica-
therm consisting of samicapaper, glass fabric and 
epoxyresin withstands â dose of l x l 0 8 Gy and re­
tains at the same time 50% of its original flexural 
strength. 

Your reliable partner 
for electrotechnical insulation problems 

Our manufacturing programme includes also 
Varnishes and Resins for the manufacture of electri­
cal machines and for the electronic equipments 
with excellent dielectric and protective properties. 

We also obtained excellent results with our Lami­
nates Epoxy Glass Cloth VETRONITE G-10 and 
VETRONITE G-l l as well as with Epoxy Glass Mat 
DELMAT. Radiation Doses of 10 7 Gy for example 
lead not to a substantial loss of the mechanical 
properties. 

The chambers in VETRONITE G-10 are manufactured and 
machined by Swiss Insulating Works. 

Your specialist in base materials for printed 
circuit boards 
• Base material for FR-4 
• Multilayer 
• Multiwire ® 
• Base material for CC-4 Additive Process ® 
• Flexible Copper Clad Laminates with modified 

epoxy adhesive (a Sheldahl product) 
• Base materials for microelectronics 

( ® Trade Mark of PCK-Technology) 

The Swiss Insulating Works Ltd 
CH-4226 Breitenbach/Switzerland 
Tel. 061/80 2121 Telex 62 479 
Fax 061/80 20 78 
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The RFQ story 

In the last few years, the radio-
frequency quadrupole (RFQ) has 
been replacing the traditional 
Cockcroft-Walton high-voltage 
generator for the acceleration of 
charged particles to the 1 MeV 
energy range. The idea of I. M. 
Kapchinsky and V. A. Teplyakov 
from ITER Moscow in 1970 was 
subsequently developed at Los 
Alamos, in particular for proton 
acceleration. 

From 1979, RFQs for heavy 
ions were also studied at Darm­
stadt (GSI) and by a Frankfurt 
group. Many laboratories are now 
using RFQs in their injection sys­
tems, a notable example being 
the one provided by Berkeley for 
CERN's nuclear beams. Interesting 
applications are being found for 
this simple and compact ion ac­
celerator and progress has been 
made in further simplifying its 
construction. 

In its present design the RFQ 
not only accelerates particles but 
also focuses the beam and sep­
arates it into bunches well suited 
for further acceleration (good 
emittance). All this is achieved 
practically without particle losses. 

There are many other advan­
tages. The ion source for an RFQ 
does not have to be placed in a 
high voltage cage, as was the 
case with d.c. voltage accelera­
tion, so that sophisticated, very 
intense and very large ion sources 
can now be used. No high pres­
sure tank is required for electro­
static insulation. The cost of a 
working installation has been 
reduced by more than an order 
of magnitude, while the RFQs 
themselves have modest dimen­
sions, about 1 to 1.5 metres for 
1 MeV energies. An RFQ de-

signed to accelerate a specific 
ion type can also be used for 
lighter particles. 

The ability to handle currents 
of several hundred milliamps 
opens the door to industrial appli­
cations, in particular ion implan­
tation. Surface hardening treat­
ments are of prime interest, as 
well as semiconductor applica­
tions. Implantation of ions like 
nitrogen, silicon or zinc in a one 
micron layer provides surface 
hardening without heating up the 
rest of the material. Drill bits, 
stamping tools, ball bearings and 
pistons are just a few examples 
of where the technique could be 
applied. 

For particle accelerators, the 
RFQ still offers additional possi­
bilities. New applications being 
studied include beam decelera­
tion, accelerating very heavy clus­
ters, and beam ' funnelling '. 

The four electrodes of an RFQ 
are usually made as 'vanes ' with 
accurately machined three-dimen­
sional surfaces. The characteristic 
dimpled longitudinal profile of the 
vanes is essential to produce the 
required accelerating field. Toler­
ances are at the ten micron level, 
including the adjustment of the 
relative positions of the four 
vanes. 

In a new development at Frank­
furt a simpler structure has been 
successfully tested. A new reson­
ating system for the supporting 
structure allows the electrodes 
to be simple rods with longitudi­
nal modulations, made and 
mounted to 100 micron toler­
ances. No fine adjustment is re­
quired and the resonating struc­
ture is welded into its final posi­
tion. This reduces the cost and 

complexity of the unit by an order 
of magnitude! 

The successful testing of such 
a rod-RFQ (RRFQ) at the DESY 
Laboratory in Hamburg for the 
new proton linac promises well 
for the future of these devices. 

From A. Schempp 

The four-rod RFQ developed at Frankfurt 
is easier to manufacture and still gives good 
results, providing 750 keV negative 
hydrogen ions ready for the new Linac III 
at the DESY Laboratory in Hamburg. 

(Photos DESY) 
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POMPES TURBOMOLECULAIRES ALCATEL 

• Duree de vie des 
roulements d bille 

\ ROULEMENT 

ROULEMENT ."6 

20000 27000 40000 60000 80000 90000 
VITESSE DE ROTATION 
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faciles a installer et 
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27.000 t/mn 

• Maintenance 
simplifiee 

ALCATEL-CIT 
Departement Industries 
Division Vide et Mecanique 
55, rue Edgar-Quinet 
92240 MALAKOFF 
Tel. : (1) 40.92.30.00 
Tlx : 632 033 f 
Fax : (1) 40.92.04.50 
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\ Je desire recevoir plus d'informations sur les pompes 
• turbomoleculaires ALCATEL 
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The largest coil in China — 32 ton solenoid 
for the Beijing spectrometer — en route 
from the winding factory to the Laboratory. 

BEIJING 
Chinaware 

Good progress is being made for 
the BEPC Beijing Electron Positron 
Collider, designed to provide 
beams of between 2.2 and 
2.8 GeV in a storage ring supplied 
by a linac taking the electrons and 
positrons to 1.4 GeV. 

Civil engineering work for the 
linac was completed in the middle 
of last year, eighteen months after 
a memorable ground-breaking cer­
emony attended by many high-
ranking party and government offi­
cials. The rapid pace of the con­
struction work demonstrated how 
much importance the national au­
thorities attach to basic research, 
with the local government accord­
ing the project high priority in the 
face of a heavy demand for dwell­
ing construction. 

The linac building is 217 metres 
long and with the accelerator tun­
nel and klystron gallery occupies 
2400 square metres. Installation 
in the klystron gallery began in 
January 1986, and in the tunnel 
the following May while water sup­
ply and air conditioning systems 
were still incomplete. The initial 
few months were difficult, with an 
abnormally wet summer, while the 
high humidity inside the non-air-
conditioned tunnel stopped instal­
lation work for about 50 days. 
However subsequent progress has 
been quite good. 

All linac components have been 
received and transported to the 
site. Accelerating sections are be­
ing installed in parallel at both ends 
of the linac. Equipment at the north 

Installation for the '.4 GeV 
electron/positron linac for the Beijing 
Collider is progressing well. 

(electron gun) end includes eight 
accelerating sections powered by 
four klystrons, and has provided 
250 MeV electrons. All subsys­
tems — radiofrequency, vacuum, 
water cooling, beam control and 
measurement, local control, etc. 
— are working well. 

First detector to use the BEPC 
beams will be the BES BEijing 
Spectrometer based on a conven­
tional solenoid coil producing a 
field of 0.4 tesla. The coil — the 
largest in China — was designed 
by a group from the first physics 
division of the Institute of High 
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*CERN's ISR machine, turned off in 1984, 
achieved a maximum proton-proton 
luminosity of 1.3 x 1032 cm~2 s~1. 

The parting of the ways — the Beijing 
electron and positron injection tunnels. 

Energy Physics (IHEP), responsible 
for the detector, but manufactured 
by the Institute of Atomic Energy 
(IAE). 

The solenoid has an outer dia­
meter of 4.2 metres and weighs 
about 32 tons. About 4000 metres 
of hollow aluminium conductor of 
cross-section 20 square centi­
metres (purchased from the US) 
were wound at IAE. 

Transportation of the finished 
coil was a major local event. Even 
though IAE and IHEP are only 
50 kilometres apart, the epic jour­
ney took two days and 150 stops, 
and involved several hundred 
people. 

Once safely in the experimental 
hall, the coil was covered with its 
iron yoke consisting of 300 tons 
of Japanese steel processed by 
Xinhe shipyard in Tianjin, northern 
China. 

CORNELL 
Record 

Cornell's CESR electron-positron 
storage ring reached new heights 
recently with a peak luminosity of 
5 x 1 0 d l cm"" z s"" 1 during runs at 
the fourth (4S) upsilon resonance 
at 10.58 GeV, a world record for 
electron-positron collisions*. It was 

achieved with seven bunches in 
each beam, and an average of 
some 50 mA per beam. 

Both the CUSB II and CLEO ex­
periments operate in 'micro-beta' 
mode, squeezing the beams tightly 
together at the collision points. 
Both experiments have been taking 
data at 1.5 p b - 1 per day. Future 
efforts to boost the luminosity still 
higher will concentrate on shorten­
ing the bunch length (presently 
2.2 cm). The present beam current 
is limited by problems due to high­
er-order mode fields induced by 
the beam bunches in electrostatic 
separators and radiofrequency 
cavities. 

(The DORIS electron-positron 
storage ring at the DESY Labora­
tory in Hamburg achieved 
1.563 pb~ 1 over one day in 1984, 
while the PEP electron-positron 
ring at Stanford had a 1.6 p b - 1 

day in 1983.) 

Operating crew of Cornell's CESR 
electron-positron ring celebrate^ worlcL 
record (peak luminosity 5 x 10 cm 
s ) : left to right R. Eshelman, M. Billing, 
Barbara Gardner, D. Kematick (seated at 
console), D. Rice, D. Morse, R. Littauer and 
D. Sagan. 
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SCINTILLATORS |̂W1SAR|̂  Armoires et cellules 
normalisées en aluminium 

avec cadre pivotable sur un angle de 180° 

0 
Entièrement 
en aluminium 

Construction 
robuste 

Livrables en 
toutes 
dimensions 

Délais courts 

Prix 
avantageux 

Demandez-nous la documentation détaillée. 

Wyser+Anliker 8052 Zurich 
Téléphone 01-301 22 33 Grùnhaldenstrasse 41 

New! from J^EBmB ESN 
CAMAC CONSTANT FRACTION DISCRIMINATOR 

i s - m oIoIotoMÔMb o z 

The new model CCF8000 features: 
8 CFD channels in a V25 
CAMAC module 
2 independent ECL outputs 
per channel 
programmable threshold 
settings 
programmable output 
widths 
programmable output mask 

automatic walk adjustment 
internal shaping delay 
circuits 
walk less than 150 ps for 
100:1 range 
Multiplicity output 
OR output 
Inhibit input 
Test input 

For more information : 

n EGkC ESN 
Hohenlindener Strasse 12 
D-8000 Munchen 80 
Telefon 089/92 692-0 
Telex 528 257 
Telefax 089-910 12 83 
(Distributed by 
EG+G Ortec representatives worldwide) 

W A S . Munich 
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High Tech from HElNZINGER 
Examples of our products: 

Capacitor charging units 
Accuracy up to 1X10-4 

Write for catalog 14! 

High accuracy, high voltage 
Power supplies also with 
lEC-bus, bidirectional 

0-300 kV, max.10mA 
Stability 1X10-5/8h 
Ripple 1X10-5pp 

0-10 kV 0-180 mA 

High voltage-system DVM up to 132 kV 
Accuracy 1X10-4 (PTB-approved) 

Special products are our strong point 

HElNZINGER 
electronic GmbH 

Anton-Jakob-Str.4 
Postfach 1076 
8200 Rosenheim 
Tel.: 0 80 31/4 40 40 
Telex: 0525 777 

Current sources for 
supraconductive coils 
2-quadrant power 
supplies 

CRYSTAL TECHN0U3GYUIIIIIIIIIIIL 

4 

Crystal Materials for your applications. 

Hilger Analytical Limited 
West wood Margate Kent CT9 4JL 

Tel: 0843225131/224261 Telex: 96252 
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JB9À siqi J9ie\ 
uoijBjado oiui soluoo joioa\\oo uoiojdiiuB 

100 V w
du
 s,Ny3D ueuM paioadxa 

sqibj uofSfijoo uoiojdfiue-uoiojd jaqBiq aqi 
lioidxd 01 joioaiap ZVCI psAOJdui! aui joj 
Àepes I

e
 ll!

nc
l Bumq joioaiap JOMoqsdJd 

pue 6u!>joeji ajqij. Buiiemiuios eq± 

-08^9 LunjUjiuniB pojeunds p 6u| 
-J9AO0 jeino uy uo!i09|pj |BUJ9j.u! 

|BlOl Aq S9jqy. 6U0|B p9||9UUBl|0 

si n|6i| uojienjiups Bi]i p 9uios 
IBLjl OS p9ppB|0 A||B0lidO 9JB S9JO0 

gjqy. 9U9jAisA|od pgdop 9qi 

JO10919P J9AAOL)S9Jd B SB 
p9sn 6ui9q Si9|dui p JiBd j9ino 9i|i 

'J91J9AUO0 pB9| B Aq p9M0||0J 9JB 
9S9L|x 6u!>|0BJi joj. pgsn si9|dui g 

J9UUJ 91)1 LjijM 'S19|dUl 09J91S 8 

Uj P96UBJJB 9JB SJ9AB| pz 

•J919UIU 

-O|B0 |BJ1U90 91)1 Ol 1S0W|B 'WO pp 

oi wo 6ujpu9iX9 'wo 6£ s| srnpBJ 

J9UUI sfjoioeiap 6uo|-9Ji9iu iz ®M1 

'sajqy. 0|;sB|d 6u!;B||!iups J9*9iu 

-Bjp LULU I 000 09 P IU9LU96UBJJB 
J9AB|!l|nUU |9AOU B SI SJ9MOL|S 0|19U 

-6bluojio9|9 p uoiiblujoj. 9i|i 6uun 
-SB9LU JOJ. pUB 6U|>|0BJI |BUOIiippB 

joj. pg^dopB uo|in|os 9L|i snqx 

P91ILUJI Sj JOi09i9p |BJiU90 9l|i 
U! 90BdS 9|qB|JBAB 9l|i 'SUOJi09|9 

9>|BJ 109f9J d|9L| Ol JOl0919p UOI1B 
-ipBJ uoiijsuBJi b puB 'uoiiju6oo9j 

UJ9UBd Ul 90UBISJSSB pUB 1U9LU9JI1 
-SB9LU UOKJ-BZIUOj JOJ SpBd UOOJIJS 

P XUIBIU B '(J9qLUBL|0 19Ï) JOi0919p 
6uj>|0BJi J9UUI/X9U9A B l\l\/\J\ 

>|jBnb (,doi,) 
qpas ei\i p su6is joj. ipjB9S 9i|i uj 

d|9L| p|nOl|S JOi0919p X9JJ9A £Vfl 
AA9U 9L|1 Uj UOIiBO^jlUgp! UOJ}09|9 

p9AOJdLU! JB|n0|lJBd U| JO109||O3 

uoiojdiiuv 103V
 M9U 9

Mi Aq P9P!
A 

-OJd S|9A9| UOiOJdjiUB J9l|6ll| 9L|i 
P 96BlUBApB 9>|B1 Oi SLUIB J9p|||O0 

uoiojdjiUB-uoiojd s^ygo ib iu9lu 

-U9dx9 2Vfl
 9L

li P 9pej6dn 9qj_ 

sajqu Aq 6ui>|obji 
NH33 

jepUjoo uoiojdiiue-uoiojd eui joj. 
ludujuedxa gyn peyipouj Aneiiueisqns eux 

j.o ued fejodiui ue lujoj. him 6uiyfoeji siu± 
sajqij. 6uiiefffiups jaiauieip lulu / jo Aeue 
ue Aq dn peloid A/aoïu aje syoeji apiued 

mou mous ie uoiiBJoqe\\oo ZVCI
 9U

l 
Aq isai b luojj. synsay synsaj Buiibjjiiuios 



switching power supplies 

For Industrial 
and Military 

applications 

computer power supplies 

A E A 
29, avenue Carnot - 91310 Massy - France 

Tél. 33 (1)69208471 
Télex : AEA 691511 F 

• modèles disponibles sur stock 
dans les gammes de mesure 
standard 

Demandez 
les renseignements 
détaillés en mentionnant le 
numéro de référence 9014 

r i • i : [ • i MESS- UNO ® 
R E G E LTE C H NI K 

JUMO MESS- & REGELTECHNIK AG • Seestrasse 07 * CH-8712 Stàfa • 01/928 2141 
Bureau Suisse romande • CH-2203 Rochefort-Neuchâtel • 038/451363 

Heraeus 
is your a d r e s s for 

Beryllium 
All companies have their specialities. 
We are no exception with our long tradi­
tion in manufacturing special metals. 
Heraeus has a vast experience in 
machining and fabrication of special 
metals such as Beryllium. Our 
purpose designed workshops 
are fully equiped to enable 
us to offer a comprehensive 
range of turned, milled, 
spark eroded and 
brazed products. 

We look forward 
to receiving ^ 
your enquiries. 

Heraeus 
Beryllium sphere system 
max. diam. 440 m m 

W.C. Heraeus GmbH • Department Material Technology 
D-6450 Hanau - Telex 415202-47 hud • Phone (6181) 355111 
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Plan of the storage rings at the French LURE 
synchrotron radiation Laboratory at Orsay. 

tively removes cross-talk between 
fibres. 

The fibre ends are optically cou­
pled to a specially developed sys­
tem of three image intensifies, 
reducing the image and boosting 
the light output by a factor of 
40 000. This output is measured 
in a charge-coupled device (CCD) 
containing an array of 32 000 pho­
tosensitive detectors on a single 
silicon chip. This video signal is 
digitized by a Fastbus module cus­
tom-built by Cambridge. There are 
32 such readout chains for the 
complete detector. 

A full-scale test setup of 
960 fibres with a complete readout 
chain has been tried out in a variety 
of beams. 

Tracking resolution was better 
than 0.2 mm with an angular reso­
lution of 13 mrad. The preshower 
component's electron signals were 

20 times higher than those for 
pions, promising good hadron re­
jection. The match between the 
electron preshower and the tracker 
information is good to within 
0.76 mm and will be used to distin­
guish between an electron and a 
charged hadron accompanied by 
a photon. 

ORSAY 
The LURE of 
synchrotron radiation 
When electron-positron experi­
ments at the Orsay (France) Linear 
Accelerator Laboratory's DCI col­
lider ended in 1984, all its acceler­
ators were transferred to the LURE 
synchrotron radiation Laboratory 
which had already long been using 

them anyway. The accelerators 
involved were the Linac (total ener­
gy 2.3 GeV, positron energy 
1.1 GeV) and DCI ring (1.85 GeV). 
This step completed a transfer 
which had been scheduled for 
some time. 

In anticipation of this event, 
LURE has greatly extended its 
beam facilities over the past four 
or five years. A third output beam 
has been fitted to DCI following 
completion of a suitable building 
wing. At the same time the CEA 
(French Atomic Energy Commis­
sion) has built a five-pole wiggler 
magnet with a maximum field of 
4.8 T to LURE's specifications, 
now installed in the machine's 
injection straight section. Installa­
tion work on a special vacuum 
chamber followed by three X-ray 
beam exploitation lines is almost 
complete. Within just three days 
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Physics 
monitor 

at the end of March the machine 
was restarted and the vacuum 
chamber run in with the beam. The 
wiggler magnet field was then 
taken to its maximum without any 
perceptible effect on the life 
(27 hours) of a 1.72 GeV positron 
beam. 

The next few months will see 
the construction of an astrophysics 
detector test station on the south­
ern side of the Igloo building hous­
ing DCI. This station, covering an 
area of 1600 m 2 and with clean 
rooms, is sited so as to receive 
X-rays from DCI and photons in 
the far ultraviolet range from 
LURE's new Super-ACO ring. 

Super-ACO is a low-emittance 
800 MeV positron machine opti­
mized for synchrotron radiation. 
With its eight 45° dipole magnets 
and four families of eight quadru-
poles, it will be able to supply 
beams to 21 different lines. Six of 
them will originate from undulators 
in the machine's straight sections. 
It is intended to run the machine 
in the multibunch mode or with a 
single bunch, providing fundamen­
tal time information in certain ex­
periments. Of the two radiofre­
quency accelerating systems, of 
500 and 100 MHz, included in the 
project, only the latter is currently 
operational. As a special optical 
feature, Super-ACO, like DCI, has 
no individual sextupoles but rather 
sextupole windings fitted in the 
quadrupoles. Four different families 
make it possible to correct the 
machine's horizontal and vertical 
chromaticities and to optimize the 
dynamic aperture needed for beam 
injection. 

After the 100 MHz system had 
become operational, the ring was 
tested on 16 March in the low-
emittance mode with sextupole 
corrections. A positron beam with 
an intensity of about 30 mA was 

stored in the multibunch mode (24) 
with a lifetime of 20 minutes. No 
guiding corrector was used. 

The LURE staff is very proud of 
this rapid start-up. It is hoped that 
performance will soon be good 
enough to complete this first test­
ing phase so that the first four light 
lines, two undulators and more 
sophisticated measuring systems 
can be installed. The machine 
should start to provide its first 
users with beams by the end of 
the year. 

The ACO ring, providing sterling 
service since 1965, is then once 
again scheduled for retirement 
from its duties at LURE - unless 
some ingenious researchers find 
a further unexpected use for it, as 
has already happened several 
times. 

Tin granules. Neutrino recoil energy could 
heat low temperature granules and 'quench' 
their superconductivity, providing a 
detectable signal. 

WORKSHOP 
Low temperature 
devices 

With extraterrestrial neutrinos 
(whether from the sun or further 
afield) continuing to make science 
news, and with the search for the 
so far invisible 'dark matter' of the 
universe a continual preoccupation, 
physicists from different walks of 
life (solid state, low temperature, 
particles, astrophysics) gathered 
at a workshop on low temperature 
devices for the detection of neutri­
nos and dark matter, held from 
12-13 March at Ringberg Castle 
on Lake Tegernsee in the Bavarian 
Alps, and organized by the Max 
Planck Institute for Physics and 
Astrophysics in Munich (K. Pretzl, 
L. Stodolsky, N. Schmitz). Ringberg 
Castle was given by the late Her-
zog Luitpold of Bavaria to the Max 
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PRODUITS CHIMIQUES 
PRODOTTI CHIMICI 
CHEMICAL PRODUCTS 

REICHENBERGER AG 
Filiale Basel 
Gartenstrasse 63 
CH-4052 BASEL 
Telefon 061/23 17 71 
Telefax 061/23 18 13 

REICHENBERGER AG 
Filiale Zurich 
Gasometerstrasse 9 
CH-8005 ZURICH 
Telefon 01/42 74 05 

REICHENBERGER AG 
Filiale Sargans 
Rheinstrasse 1132 
CH-7320 SARGANS 
Telefon 085/2 64 44 

REICHENBERGER SA 
Succursale de Nyon 
Rte du Stand 43 
CH-1260 NYON 
Telefon 022/62 22 55 
Telefax 022/61 74 44 

RAG-BELGIUM N.V. 

Kapucinessenstraat 19 

B-2000 ANTWERPEN 

Telefon 03/231 26 5 2 + 

03/231 64 23 

Telex 72 887 RAGBEL B 

RAG-REICHENBERGER 
Brand- und Wasserschaden-
sanierungsgesellschaft m.b.H. 
Quellenstrasse 185 
A-1100 WIEN 
Tel. 0222/627 28 8 0 + 
627 20 73 

Télétex (61)3221382= 
RAGWIEN 

RAG in FRANKREICH 
vertreten durch 
COUTHEILLAS SA 
185, Av. du Général Leclerc 
F-94700 MAISONS ALFORT 
Telefon 1/43 75 52 45 
Telex 262 163 COUTHEI F 

RAG in DEUTSCHLAND 
vertreten durch 
ELEC-SAN 

Brandschutz-Sanierung GmbH 
Kolping-Ring 12 
D-8024 OBERHACHING 
Telefon 089/613 48 9 3 + 9 4 
Telex 521 34 68 MEMO D 

RAG in GROSSBRITANNIEN 
vertreten durch 

MERRYHILL CONTRACTING LTD. 
Tanners Lane, East Wellow 
GB-ROMSEY/HAMPSHIRE S051 6DP 
Telefon 0794/51 58 48 
Telefax 0794/52 43 86 

2072 S a i n t - B l a i s e 
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Cellules 
normalisées Al 

ALS 2000 

• Entièrement en aluminium 
• Construction solide, forsion impossible 
• Livrables en toutes dimensions et dans les 

meilleures délais 
• Types standards en stock 
• Panneaux d'angle de 90°et pièces d'angle de 45° 
• Cadre pivotant 19" 
• Prix avantageux 

D e m a n d e z - n o u s la d o c u m e n t a t i o n détaillée. 

Wyser+An l ike r 8 0 5 2 Zur ich 
Téléphone 01 301 22 33 Grûnhaldenstrasse 41 
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The Standard Model and Beyond 
Lectures given at the 16th British Universities' Summer School in Theoretical 

Elementary Particle Physics, Durham 3-17 September 1986 
Edited by W J Zakrzewski, Department of Mathematical Sciences, 

University of Durham 
Contents: Lectures on gauge theory methods (H Osborn). Introduction to lattice gauge 

theories (A Irving). Unified gauge theory (M Daniel). Supersymmetry (D R T Jones). 
Aspects of strings and superstrings (E Corrigan). Aspects of experimental particle physics 

(N A McCubbin). Index. 
April 1987 288pp illus hardcover 0 85274 367 X £19.50 

G r a d u a t e S t u d e n t S e r i e s i n P h y s i c s 
Series editor Professor D F Brewer, University of Sussex 

Introduction to Gauge 
Field Theory 

D Bailin, University of Sussex and 
A Love, University of London 

An introduction to gauge field theory for 
graduate students, advanced under­
graduates and researchers in particle 
physics which approaches the subject 
entirely from a path integral standpoint to 
form a foundation for a knowledge of 
modern relativistic quantum field theory. 
1986 326pp illus 
hard 0 85274 817 5 £38.00 
paper 0 85274 828 3 £19.50 

Gauge Theories in 
Particle Physics 

I J R Aitchison, University of 
Oxford and A J G Hey, University 

of Southampton 
1982 357pp illus paper 
0852745346 £14.50 

Supersymmetry, 
Superfields and 

Supergravity: An 
Introduction 

Prem P Srivastava, Centro 
Brasiliero de Pesquisas Fisicas, Rio 

de Janeiro 
A self-contained introduction to super-
symmetry. Emphasis is placed on 
developing a physical understanding of the 
formalism and basic techniques for the 
graduate student. 
1986 176pp illus 
hard 
paper 

0 85274 571 0 
0 85274 575 3 

£25.00 
£12.50 

Weak Interactions 
Second edition 

D Bailin, University of Sussex 
1982 559pp illus paperback 
0852745397 £14.95 

For further details of these and other titles in high energy physics, please write to the 
publishers 

Exclusive North American distributors 

Adam Hilger Taylor and Francis 
Techno House, Redcliffe Way 242 Cherry Street, 
Bristol BS1 6NX, England Philadelphia, PA 19106 - 1906, USA 
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THERMAL 
ANALYSIS 

N e t z s c h Gerâtebau GmbH is a world wide leading 
company, offering a complete T h e r m a l A n a l y s i s 

L a b o r a t o r y with fully automatic data acquisition 
and computer evaluation: 

• Simultaneous TG/DTG-DTA 
-160 ... 2400° C 

• DSC/TG-DSC 
-160 ... 1400° C 

• Cp-measurements 

25 ... 1400° C 

• Dilatometer/TMA 

-160 ... 2000° C 

• STA/Mass Spectrometry 

25 ... 2000° C 

• Thermo Micro Balance 

25 ... 1500°C 

N e t z s c h Gerâtebau GmbH • D-8672 Selb • 
Wittelsbacherstr. 42 • P.O. Box 1460 • 

Telex: 643 510 • 
Phone: W.-Germany (09287) 881-0 *FRG 
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Participants at the recent workshop on low 
temperature devices for the detection of 
low energy neutrinos and dark matter at 
Ringberg Castle in the Bavarian Alps, 
organized by the Max Planck Institute for 
Physics and Astrophysics, Munich. 

Planck Society as a gift with the 
wish that the Castle serve as a 
meeting place for scientists. 

The first day was mainly devoted 
to techniques using superheated 
superconducting granules (SSG). 
For solar neutrino detection two 
main ideas were discussed. The 
first, developed by L. Stodolsky 
and A. Drukier, is using coherent 
neutrino-nucleus scattering. This 
method has the advantage that 
the reaction rates are a thousand 
times larger than those of other 
processes like inverse beta decay. 
Thus an SSG detector of a few 
kilograms would measure the same 
event rate as a multiton detector 
based on other processes. The 
second advantage is that the SSG 
detector responds to all kinds of 
neutrinos equally. The principal 
difficulty with this method is, of 
course, the detection of the very 
low nuclear recoil energy about 
1 eV for tin grains and solar neu­
trinos of 0.4 MeV. In a uniform 
heating model most of this recoil 
energy will be transferred into heat, 
leading to a temperature change 
of the grain. This temperature jump 
can flip a grain from superconduct­
ing to the normal state, detected 
with a pickup measuring the flux 
change due to the disappearance 
of the Meissner effect. Tiny tin 
grains two microns in diameter 
have to be cooled down to 50 mK 
to be sensitive to 400 keV solar 
neutrinos. 

The other solar neutrino detec­
tion method using indium granules 
and inverse beta decay reactions 
was discussed by G. Waysand 
(Paris VII). This method has the 
advantage that the sensitivity of 
the granules can be relaxed by 
several orders of magnitude, but 
a lot of indium granules (4 tons) 
have to be cooled down to 1 K. 
For solar neutrinos the two ap­

proaches are complementary, since 
the first method is independent of 
neutrino type (insensitive to neu­
trino oscillations) while the second 
is dependent (sensitive to neutrino 
oscillations). SSG could also look 
for dark matter and magnetic mon­
opoles and be used for double 
beta decay experiments. 

Considerable progress has been 
made in understanding the basic 
properties of superheated granule 
detectors. Results of irradiation 
experiments (L. Gonzales-Mestres, 
D. Perret-Gallix, K. Pretzl, and 
A. de Bellefon) have shown that 
the superconductivity of the grain 
starts to be broken locally around 
a region where the incoming parti­
cles release most of their energy. 
This leads to a fast local break-up 
of Cooper pairs, which apparently 
occurs before the grain is globally 
heated by phonons. Experimental 
results on granule readout systems 
were presented by A. Kotlicki and 
G. Waysand. 

The second day was mainly de­
voted to other techniques like bo-
lometry, superconducting tunnel 
junctions, ballistic phonons, and 
the detection of solar neutrinos 
in superfluid helium (G. Seidel, 

Brown). 
B. Sadoulet (Berkeley) covered 

US cryogenic detector efforts. The 
physics motivations are detection 
of astrophysical X-rays with 1 eV 
resolution, dark matter searches, 
solar neutrinos, and double beta 
decay. The techniques under study 
are SSG, ballistic phonons in con­
nection with tunnel junctions and 
trapping, semiconducting thermi­
stors and rotons in the superfluid 
helium. Good results were obtained 
by the Wisconsin-Goddard Space 
Center collaboration (D. McCam-
mon, S. H. Moseley, and J. C. 
Mather) with thermistors reaching 
an energy resolution of 35 eV. 

An interesting possibility for a 
solar neutrino detector was pre­
sented by G. Seidel. The principle 
is based on the calorimetric detec­
tion of electrons recoiling from 
neutrinos. One event per day needs 
a ton of target. As ideal detection 
material, liquid helium 4 at low 
temperatures is proposed. It is 
self-cleaning and has no nuclear 
reactions. An important feature is 
that a substantial portion of the 
recoil energy appears as rotons-
long lived excitations which propa­
gate ballistically at low tempera-
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The decay products of a pair of neutral B 
mesons formed in the disintegration of an 
upsilon (4S) resonance as observed by the 
ARGUS experiment at the DORIS 
electron-positron storage ring at the DESY 
Laboratory in Hamburg. This shows that 
the neutral B mesons and their antiparticles 
appear to mix. 

tures with a velocity of 10 4 cm/s. 
At the liquid helium surface, 
rotons have a 30% probability of 
evaporating a helium atom, so 
the problem of detecting one neu­
trino is transformed into the prob­
lem of detecting 10 7 to 10 8 eva­
porated helium atoms with bolo­
meters mounted above the liquid 
surface. The physics of the elec­
tron energy loss in liquid helium 
as well as the reflectivity of rotons 
from the liquid surface have to be 
further investigated. 

Norman Booth and his collabo­
rators from Cambridge and Queen 
Mary College have developed a 
novel indium detector for a solar 
neutrino experiment, having suc­
cessfully worked out a method to 
grow indium crystals over super­
conducting tunnel junctions. The 
energy released when a solar neu­
trino is captured in indium is mostly 
transformed into phonons. These 
can break up Cooper pairs in the 
junction, leading to quasiparticles. 
The tunnel junction acts as a semi­
permeable membrane letting the 
quasiparticles pass, thus giving 
rise to a signal current, albeit very 
small. However the sensitivity of 
the junction could be enhanced 
considerably by trapping the qua­
siparticles in another superconduc­
tor of lower gap in the region of 
the tunnel junction. If the relative 
gap energies are right, a multipli­
cation process can occur, leading 
to a'quasiparticle multiplier'. 

The workshop showed that 
while these innovations still require 
a lot of work, enthusiasm is high 
and the potential physics rewards 
are large. Next year's workshop 
at LAPP (Annecy) will show how 
much progress has been made. 

From Klaus Pretzl 
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Mixing particles 
The ARGUS experiment (a DESY / 
Dortmund / Heidelberg / IPP Ca­
nada / Kansas / Ljubljana / Lund / 
Moscow / South Carolina /Stock­
holm collaboration) at the DORIS II 
electron-positron collider at the 
German DESY Laboratory in Ham­
burg has provided valuable new 
evidence for particle 'mixing'. 

Every particle of matter has an 
antimatter counterpart, or antipar-
ticle, carrying equal but opposite 
quantum numbers. For mesons, 
composed of quark-antiquark pairs, 
the antiparticles have the corre­
sponding antiquark-quark configu­
ration. Thus mesons (like neutral 
pions) with symmetric quark-anti­

quark compositions are their own 
antiparticles. 

Other electrically neutral mesons 
are distinguished from their anti­
particles by a quark label (quantum 
number) which is only conserved 
in strong nuclear interactions. 
When the weak nuclear force is 
in action, these quantum numbers 
are no longer conserved and inter­
esting things can happen. 

For example the neutral kaon 
and its antiparticle are distin­
guished by the strong interaction 
label of strangeness. This is not 
conserved in weak interactions, 
so that the neutral kaon and its 
antiparticle get mixed up. 

Additional symmetries, such as 
combined particle-antiparticle 
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switching and space reflection (CP) 
become useful, and the neutral 
kaons provide a rich scenario for 
the subtleties of the weak force. 

Last year the UA1 experiment 
at CERN's proton-antiproton col­
lider provided evidence for an ana­
logous mixing of the neutral 
B mesons (see October 1986 
issue, page 17). 

Neutral B mesons exist in two 
varieties, with and without strange 
quarks. The lighter non-strange 
particles can be isolated by looking 
below the threshold for production 
of the strange quark variety. 

The ARGUS experiment studied 
the formation of neutral non-
strange B meson pairs coming 
from the decay of upsilon reson­
ances (the 4S state at 10.6 GeV). 
Great importance was attached to 
particle identification, and from 
data collected over five years of 
running evidence for mixing is 
found in three different ways. 

Firstly, from 88 000 upsilon (4S) 
events analysed, one example is 
found of an explicitly mixed decay 
into two neutral B mesons (rather 
than a neutral B and its antiparti­
cle). All the B decay products (oth­
er than neutrinos) are fully identi­
fied and the event is very clean. 

The neutral B mesons sub­
sequently decay in a variety of 
ways, emitting leptons (electrons 
or muons). The ratio of positively 
charged to negatively charged lep­
tons is an indicator of mixing, and 
the ARGUS group went about a 
careful analysis of their electron 
and/or muon pairs. 

After painstaking elimination of 
backgrounds, they found some 
25 lepton pairs carrying two equal 
electric charges, compared with 
270 carrying opposite charges. 
This gives a B meson mixing para­
meter in the region of 20 per cent. 

Another method used, less sen­

sitive to background, consisted of 
reconstructing one neutral B meson 
and tagging the second by the 
charge of an accompanying ener­
getic lepton. Five mixing candi­
dates were found, where only 
about one was expected due to 
background, again a suggestive 
signal. 

In today's 'Standard Model', six 
varieties of quark are grouped into 
three doublets (up and down, 
strange and charm, beauty and 
top), and all the corresponding 
quantum number changes pro­
duced by the weak force are des­
cribed by the 'Kobayashi-Maska-
wa' (KM) matrix. As yet no theory 
gives all the parameters of this 
matrix, but predictions can 
be made using input from 
experiments. 

The relatively large rate of mixing 
seen by ARGUS provides more 
input to this matrix, and indicates 
that the as yet unseen top quark 
is heavier than about 50 GeV. If 
this is correct, mesons consisting 
of top quark-antiquark pairs would 
occur near 100 GeV, out of reach 
of the new TRISTAN electron-
positron collider at the Japanese 
KEK Laboratory. 

B mixing limits also come from 
other experiments at electron-posi­
tron colliders at Stanford, Cornell 
and DESY. 

Encounters with 
strong fields 
A series of experiments at CERN 
using high energy beams and crys­
tal targets show some interesting 
quantum effects. 

The energy of an electron in an 
external field depends on whether 
it lines up spinning parallel or anti-
parallel to the field direction. Nor­

mally this (spin-orbit) coupling is 
very small, about a thousandth of 
an electronvolt at 10tesla 
(100 kgauss). 

If a particle is relativistic (travell­
ing with a velocity comparable to 
that of light), it experiences a highly 
velocity-dependent field. Thus if 
an electron moves so fast that the 
magnetic field it 'sees' reaches 
about 4 x 10 9tesla, the energy 
due to spin alignment becomes 
comparable to the electron's mass, 
and interesting effects become 
possible. 

Using external fields, even high 
energy beams from a particle 
accelerator do not reach these 
thresholds (a 10 T field would 
need an electron beam of 
250000 GeV!). However higher 
macroscopic fields are supplied 
along axial directions inside crys­
tals. With these very strong fields 
interesting quantum phenomena 
should become possible. 

These effects have been studied 
in a series of experiments at CERN 
by researchers from Albany (New 
York), Annecy and Lyon. 150 GeV 
electron and photon beams were 
injected along an axis of an 
0.2 mm-thick germanium crystal 
cooled to 100 K with an angular 
spread of about 25 microradians. 

Physicists saw a spectacular 
increase in the photoproduction 
of electron-positron pairs at perfect 
alignment, not due to the reinforce­
ment (coherence) of the interac­
tions at different sites in the crys­
tal, but to an interaction of photons 
with the very strong field. Starting 
at a photon threshold energy of 
30 GeV, the effect eventually at­
tained ten times the level resulting 
from (incoherent) background ef­
fects using an unaligned crystal. 

Further studies of the effect of 
the strong crystal field on the elec­
tron beam showed an intense nar-
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row release of radiation along the 
crystal axis, with about 80 per cent 
of the electron beam energy con­
verted into photons when angular 
conditions are right for electron 
channeling. 

Although the total radiated ener­
gy agrees with (quantum electro­
dynamics) theory, it is not clear 
why such hard photons come out 
forwards. A new series of experi­
ments using thinner crystals will 
try to understand why. 

Dramatic increase in photoproduction of 
electron-positron pairs by a high energy 
photon beam in perfect alignment with an 
axis of a cooled crystal of germanium, as 
observed at CERN by an Albany / Annecy / 
Lyon experiment. The flat dotted line shows 
the photoproduction from an unaligned 
crystal. The steeply rising line under the 
data points shows the field in the crystal 
'felt' by the particles. 

These phenomena have also 
been investigated by the Aarhus / 
CERN / Strasbourg channeling col­
laboration. 

Same sign muon pairs 
OK? 
Prime 'charm' physics from the 
high energy neutrino beams at Fer-
milab and CERN which became 
available in the 1970s emerged 
from the study of the produced 
pairs of muons. 

A charmed quark can be pro­
duced when an incident neutrino 
burrows deep inside a target nu­
cléon and hits one of its three 'val­
ence' quarks, the weak interaction 
characteristically switching the 
'flavour' of the struck quark. A 
charmed quark can also be pro­
duced through a neutrino interac­
tion with the gluons (carriers of 
the inter-quark force) and transient 
quark-antiquark pairs binding the 
valence quarks together. 

In these reactions, one electri­
cally charged lepton (muon or elec­
tron) is produced when the incom­
ing neutrino hits a target quark. In 
addition, the subsequent decay of 
the particle carrying the charmed 
quark can produce a second 
lepton. 

Thus the study of charged lepton 
(particularly muon, because the 
incoming neutrinos are mostly of 
the muon type) pairs provides a 
window on charm production. 

However the majority of these 
muon pairs should contain particles 
of opposite electric charge. Pairs 
of muons each carrying the same 
electric charge can also occur, but 
are expected to be much rarer. 

However more same sign muon 
pairs were seen than expected. 
This was worrying in a corner of 
the subject where other loose ends 
had quickly been tidied up. 

These same sign muon measure­
ments were always tricky because 
of the possibility of muon contam­
ination from other sources, but 
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experience suggested that the sig­
nal becomes clearer with higher 
neutrino energy and muon 
momentum. 

The baton thus passed to the 
Chicago / Columbia /Fermilab / 
Rochester collaboration at Fermi­
lab, using the new 800 GeV Teva-
tron proton beam to provide the 
highest energy neutrinos ever used 
in a laboratory experiment. These 
were caught in a 690 ton iron-liquid 
scintillator calorimeter, and the 
reaction products studied in a 
ten metre-long toroidal magnetic 
spectrometer, with magnet sec­
tions interspersed with drift 
chambers. 

From a total of three million trig­
gers, the experimenters carefully 
selected their sample of 117 exam­
ples of same sign muon pairs after 
elimination of background effects 
providing spurious signals. 

The observed level of same sign 
muon pairs edges lower than be­
fore, although they still overlap 
with measurements at CERN by 
the CERN / Dortmund / Heidel­
berg / Saclay / Warsaw /Beijing 
experiment. 

With some daylight still visible 
between the bottom of the exper­

imental error bars and the theore­
tical expectation, which moreover 
depends on the parameters used 
in the calculation, there is still room 
to manoeuvre, but the effect is no 
longer embarrassing for conven­
tional physics. 

Apparatus of the Chicago/Columbia/ 
Fermilab/Rochester collaboration at the 
Fermilab Tevatron — catching the highest 
energy neutrinos ever used for a laboratory 
experiment. 

(Photo Fermilab) 

Other people's accelerators 
The first report from the Washing­
ton Accelerator Conference (see 
May issue, page 7) concentrated 
on news from the particle physics 
centres. But the bulk of the Con­
ference covered the use of accel­
erators in other fields, underlining 
this valuable spinoff from particle 
physics. 

Let there be light 

Herman Winick opened the ses­
sion on synchrotron radiation facil­
ities with a reminder of the tremen­
dous growth in the use of these 
intense sources of electromagnetic 
radiation. There are now 34 stor­

age rings in action in 27 Laborato­
ries in 11 countries... and more 
are on the way. 

The pioneer of this burgeoning 
field, the Synchrotron Radiation 
Centre at Wisconsin/Madison has 
been in pain in recent years trying 
to bring on the 800 MeV Aladdin 
ring to replace the famous 240 
MeV Tantalus ring. Ed Rowe was 
able to report that the battle is 
now won. Average currents of 
some 100 m A are being held and 
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Shining more light — the actual and 
projected growth of X-ray source brilliance. 
For the stationary anode X-ray tube there 
was no variation from the turn of the 
century until 1960. Then brilliance increased 
tenfold with the introduction of the rotating 
anode. The units of brilliance are photons 
per second per square milliradian per square 
millimetre. 
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operating efficiency is 93 per cent. 
An undulator, from Stanford, has 
been installed and gives two or­
ders of magnitude more flux than 
the bending magnets. Aladdin had 
been executed by its funding agen­
cy, the National Science Founda­
tion, but can now be regarded as 
one of the few examples of resur­
rection from the dead. 

Emphasis was obviously on US 
machines and there were reports 
of excellent performance from the 
National Synchrotron Light Source 
at Brookhaven and from, the syn­
chrotron sources at Stanford. The 
NSLS can now reach 1 A in the 
750 MeV UV ring and 250 mA 
(half design current) in the 2.5 GeV 
X-ray ring. They are dealing with 
some fifty end-stations and the 
experimental floors look very 
crowded. Seven undulators and 
wigglers are being installed as part 
of the Phase II upgrade. 

The Stanford Synchrotron Radi­
ation Laboratory continues its 
crowded programme on the SPEAR 
storage ring (oversubscribed by a 
factor of two). Operation is limited 
by the availability of the injector, 
the two-mile linac, which has been 
much involved with the Stanford 
Linear Collider project over the 
past year, and there is a proposal 
to build an independent injector. 
They have done pioneering work 
on wigglers and undulators and 
seven of them are now installed. 
An extremely interesting start has 
been made on the use of the PEP 
ring at energies up to 15 GeV. It 
has very long straights for insertion 
devices, very high brightness 
(which would be even better at 
lower energies, such as 8 GeV). 
PEP would also be an ideal place 
to try the new idea of a bypass as 
a source of extremely high fluxes. 

The two major proposals for 
multi-GeV machines are the Euro­

pean Synchrotron Radiation Facil­
ity, a 6 GeV machine to be built 
at Grenoble (the site is now being 
cleared), and the Synchrotron X-ray 
Source, a 7 GeV machine for which 
the design report will emerge soon 
from Argonne (see March issue, 
page 24). There is a tendency to 
push both these peak energies 
(and thus, inevitably, the machine 
sizes and costs) higher under pres­
sure from the user communities. 

In the lower energy range, a 
2 GeV machine is going ahead in 
Trieste, a 1.2 GeV source is under 
construction on the Stanford cam­
pus (the Stanford Photon Research 
Laboratory) and plans are well 
advanced for a 1 to 2 GeV ma­
chine at Berkeley. It is entertaining 
to hear the discussions about the 
ideal machine lattice configuration 
to give high brightness, low emit-
tance beams suitable for undula­
tors and wigglers. The respective 

merits of the FODO structure ver­
sus the triple-bend-achromatic ver­
sus the Chasman-Green are pre­
sented with all the ferocity of me­
dieval statements concerning an­
gelic standing room on the head 
of a pin. 

An important development is 
the advent of 'table-top' synchro­
tron light sources for X-ray litho­
graphy to allow high speed produc­
tion of computer chips. Such com­
pact synchrotrons are being 
worked on in the Soviet Union, 
Germany, UK, Japan and USA (and 
probably elsewhere that we did 
not hear about). They should be 
available off-the-shelf soon. 

Progress in the Soviet Union 
was reviewed by Peter Kapitza. 
Novosibirsk remains the front run­
ner since four storage rings had 
become predominantly used for 
synchrotron radiation research. 
They have, however, had a serious 
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The 7 GeV storage ring project at Argonne 
for a synchrotron X-ray source. 

UTILITY 

coherent generation of synchrotron 
radiation in resonators of special 
geometry. 

Free Electron Lasers 

The free electron laser was in­
vented by John Madey at Stanford 
in 1971 and the concept was de­
monstrated in practice by his group 
ten years ago. Even now, much 
basic physics and technology con­
cerning free electron lasers remains 
to be done but the vast potential 
of these devices as sources of 
electromagnetic radiation has at­
tracted such wide attention that 
for the first time a whole session 
was devoted to the topic at the 
Conference. 

Electrons passing through a 
wiggler structure together with 
light of the correct phase can 
transfer energy to the light wave, 
increasing its intensity. The light 
beam, propagating parallel to the 
electrons, decelerates the electrons 
slightly and energy is transferred. 
Mirrors are used to form optical 
resonant cavities, so that the light 
can be bounced through the struc­
ture many times, the mirror dis-

Schematic of a free electron laser. 

set-back due to fire. The VEPP-4 
machine is being rebuilt as a 6 GeV 
ring with straights for undulators 
and wigglers. They have supercon­
ducting wiggler magnets with fields 
as high as 8 T and are considering 
the use of intense X-radiation in a 
fast neutron source. They have 
built a small 450 MeV ring, Sibe­
ria I, for use in the Institute of 
Atomic Energy in Moscow and a 
2.5 GeV ring, Siberia II, is under 
construction. Work is underway 
on microtrons as appropriate 
sources for free electron lasers 
and there are some ideas on the 
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* See also page 33 for the findings of a 
report The Science and Technology of 
Directed Energy Weapons ' commissioned 
by the American Physical Society. 

tances being chosen to keep the 
light pulses in coincidence with 
the electron bunches.With the right 
conditions exponential gains are 
possible. The electrons can also 
be used again (a number of impor­
tant FEL experiments have used 
storage ring beams). 

The wavelength of the FEL light 
is given by the energy of the elec­
trons and the period and strength 
of the magnet field. Thus an FEL 
is tunable over a range of frequen­
cies, from far infrared to short 
wavelength (though the full range 
is not accessible from the same 
device) as opposed to the fixed-
frequency conventional lasers. The 
range however can be very large; 
an FEL is being built at the National 
Bureau of Standards in Maryland 
which will cover from 10 micron 
wavelength in the infrared to 0.2 
microns in the ultraviolet. 

They are also capable of con­
verting electrical to optical power 
with very high efficiency. To give 
an example of what has been 
achieved, the Electron Laser Facil­
ity, ELF, at Livermore has produced 
more than 1 GW of microwave 
power with over 40 per cent ex­
traction efficiency. It has been 
used, in part, to study the two-
beam approach to very high energy 
particle accelerators promoted by 
Andy Sessler (whose ideas are 
now moving more to the idea of 
a relativistic klystron rather than 
an FEL as the drive mechanism). 
A new facility, called PALADIN, 
has been constructed at Livermore 
to carry the studies beyond what 
can be achieved in ELF. 

The list of Laboratories pursuing 
the potential of FELs is long — 
Stanford, Brookhaven, Santa Bar­
bara, Glasgow, Seattle, Bell Labs, 
Orsay, Los Alamos, Frascati, etc. 
Many applications can be foreseen. 
Defence ministries are interested 

in their use for laser weapons; in 
the US a huge ground-based laser 
facility is proposed for the White 
Sands Missile Range in New Mex­
ico. For controlled thermonuclear 
fusion, FELs could serve as the 
heat source for the plasma. The 
high fluxes and tunability have 
great potential in all the many man­
ifestations of spectroscopy — 
chemistry, biology, solid-state phy­
sics, etc. 

Star Wars 

Another first at the Washington 
Conference was the completely 
open acknowledgement of the role 
of accelerator technology in several 
aspects of the Strategic Defense 
Initiative, SDI, more commonly 
known as 'Star Wars'.* In a plen­
ary session Colonel Gullickson 
from the Office of the Secretary 
of Defense spoke about 'Acceler­
ator requirements for SDI\ 

The requirements are for high 
brightness, high intensity beams 
produced in compact accelerator 
systems, together with some 
method of efficient propagation 
over very long distances. Much 
work has therefore been done to 
improve ion sources and initial 
beam quality. For example, the 
development of laser-illuminated 
photocathodes at Los Alamos, 
described by John Fraser, is pro­
ducing very low emittance electron 
beams of high intensity (which 
could also be relevant to the very 
high energy electron linacs pro­
jected for the future in particle phy­
sics). On the Accelerator Test 
Stand at Los Alamos, using a ra-
diofrequency quadrupole, it has 
been shown that good emittance 
can be preserved in low energy 
beams. 

The ground-based laser beam 

proposal has been mentioned 
above and experiments with PA­
LADIN are just beginning. Liver­
more has also successfully tested 
the concept of transmitting high 
current electron beams through a 
channel in a gas which has been 
pre-ionized by a laser beam. The 
laser beam causes partial ioniza­
tion. An electron beam from the 
Advanced Test Accelerator, ATA, 
is then fired through the same 
channel and ejects the ionization 
electrons. The remaining positive 
ions serve to keep the electron 
beam focused in the channel and 
10 kA beams have travelled over 
80 m reaching 50 MeV in the 
ATA. Other experiments at Sandia 
have used the pre-ionization tech­
nique for bending beams as well. 

A further SDI series of experi­
ments is scheduled to start next 
year under the title of BEAR, for 
Beams Aboard Rockets. An ob­
vious interest here is to reduce the 
weight of the radiofrequency pow­
ering systems and effort is going 
into the development of solid state 
devices. 

Fowl play 

Turning to more savoury topics, 
M. E. Wilmer spoke about work 
in the US and Europe on process­
ing food with beams from linear 
accelerators. Experiments have 
shown that some foods can with­
stand irradiation with no noticeable 
deterioration in taste or appear­
ance, the object being to improve 
hygiene and extend shelf life. 

Irradiation produces free radicals 
and breaks the DNA chains. It can 
also obviously adversely affect the 
molecular chains in the food itself 
so experimentation on dose rates 
and surrounding conditions such 
as temperature and atmosphere 
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on 30 years' experience and 
know how through successful 
collaboration with field specia­
lists. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil SO Fax 061/80 06 04 
Telefon 061/80 06 01 Telex 963182 

Concepts f rom THORN EMI 
The 9954 is the worldwide choice when a 2" 12 
stage bialkali is required for calorimetry. Provid­
ing high gain and linearity, good single electron 
resolution and a good match for wavelength shift­
ers such as BBQ, the 9954 has been selected for use 
in large detectors at BNL, Fermi, CERN and KEK, 

For RCA 8575 users a plug-in compatible version -
type 9907 - is now available. 
These tubes are typical of the cost effective solutions 
which THORN EMI has produced for research and 
OEM applications. 
Contact us for assistance with your detector re­
quirements or for our latest catalogue. 

THE 9954 
PHOTOMULTIPLIER 

TUBE 

a s 
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Quality from Germany! 
The fug Elektronik GmbH develops and manufactures low 
and high-voltage power supplies for any appliance. 

fug - power supplies do always offer 
something more 
e.g. digital display of the output values 
display for regulation state 
programming: analog, digital or IEC-bus 
pole reversal switch for high-voltage 
power supplies 
1 9" rack-adapter for all supplies 
without reconstruction 

Standard supplies can be 
supplied at short term ! 

m « 
$> HCN7E-6SO0 

Demand our catalogue: 

Elektronik GmbH, Florianstr. 2, D-8200 Rosenheim/BRD, Telefon 08031/81093, Telex 5 25 712 

Examples of our 
production range: 

Stability and ripple; 
0,01 % 

HCN 7E-6500 
0-6,5 kV, max. 1 mA 
Price: DM 1 5 3 0 . — 

MCN 350-125 
0-125 V, 0-2,5 A 
Price: DM 3 4 5 0 . — 

HCN 140-3500 
0-3500 V, 0-40 mA 
Price: DM 4 1 9 0 . — 

Prices: 
free German border, 
packing included 

tesaEJ Rubans adhésifs spéciaux 
pour l'industrie électrique 

1 Construction des 
transformateurs 

1 Fabrication de relais et de 
bobines protectrices 

1 Construction de moteurs 
électriques 

1 Fabrication d'éléments de 
construction 

1 Fabrication de plaquettes à 
circuits imprimés 

1 Installations électriques 

Demandez la documentation 
détaillée. 

Industriestr. 19, 8 9 6 2 Bergdietikon, Tél. 01 74111 22, Tx 56 285 

tesaES Coupon 
CERN 

• Veuillez m'envoyer de plus amples renseignements avec 
des échanti l lons 

• Nous désirons de conseils professionnels. Veuillez nous 
téléphoner 

Entreprise:  

Adresse:  

Tél.: 
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A 10 MeV electron linac could be used to 
irradiate chickens and eliminate potentially 
dangerous bacteria. 

are needed. Generally the faster 
the irradiation, the less damage to 
the food. 

Many examples of useful appli­
cations were given, particularly in 
support of the food and agricultural 
industries of developing countries, 
concluding with the important case 
of the irradiation of chickens which 
are a potential source of salmon­
ella. To take this as a practical 
example, a 10 MeV electron linac 
could successfully irradiate chick­
ens in two passes to a depth of 
8 cm. (It was pointed out that this 
would be simplified if the chickens 
were squashed into a rectangular 
block but they would then not look 
so attractive at the dinner party.) 
Such an accelerator could probably 
cope with some 10 000 pounds 
of chicken per hour. 

To put such prospects into per­
spective, in the US alone 12 billion 
pounds of chicken are consumed 
every year. To process this quan­
tity would need about 300 accel­
erators. Counting one's chickens 
takes on a new meaning for accel­
erators. 

By Brian South wort h 

The interplay 

by Maurice Jacob 

This is an extract from an 
article by the Head of CERN's 
Theory Division which ap­
peared in a special issue of 
the French monthly magazine 
' Sciences et Avenir '. 

of theory and 

Physics is an experimental science. 
Considered as a scientific disci­
pline, it is a set of results whose 
value lies in the fact that the ex­
periment can be reproduced. Or 
better still, it is a set of concepts 
from which our knowledge of the 
material world takes organized 

experiment 

shape, has light shed on it and is 
given precise definition, to the 
point where prediction is possible. 
Such concepts must be freely dis­
covered, even if experience can 
sometimes point the way to them. 
The urge for simplicity and sym­
metry is also of major importance 
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Iff m were to design an ANALOG DEL AY-ATTENUATOR 

system, wouldn't you make it like 8W© ? 

° Local control by increase/decrease push buttons. 
° Direct reading of programmed delay - attenuation on front panel 

LED display 
° CAENET* remote control: up to 100 units controlled from CAMAC 

controller Model C117A or MANUAL controller Model A119A 
° Lock-up facility for security purpose 
° Data setting recorded in non-volatile memories 

we think vou wwM ! / 

Because its easy use ,its good price /performance 
ratio,really compensate the effort required to design 
it! 

*CAENET is a serial protocol adopted by all CAEN remote control units 
using a single 50 Q, coaxial cable as physical link. 

| MJHIilUl.lillJ.|.M;:H.lilHIIIMJMIIJ.lill.lil:IJIIMI:HJHJM TLX 580112 CAEN I 

Via Aurélia Sud 39 — 55049 VIAREGGIO Italy Tel.(0584)395674/396090 



Enrico Fermi - master theoretician and 
master experimenter. 

in formulating them. It is often 
essential to stand back from ex­
periment in order to gain a clear 
and overall view. 

Wolfgang Pauli wrote: ' The link 
between random presentation of 
experimental data and a theory 
(which organizes and explains 
them) arises from primordial 
images present at the root of be­
ing. These primordial images can­
not be formulated in conscious 
fashion, nor associated with ideas 
presenting a rational order. Rather, 
they represent forms that are 
specific to the human subcon­
scious. They are images with a 
deep emotional content. They are 
not thoughts but visions'. He ad­
ded, and it is here that the scien­
tific method becomes clear: The 
pleasure felt in realizing that one 
has reached a new level of knowl­
edge stems from the fact that 
these pre-existing images are in 
perfect harmony with the behaviour 
of material objects/ How much 
effort, however, for a reliable re­
sult! As Henri Poincaré stated: 
Thought is merely a lightning flash 
in the middle of a long night, but 
it is the flash that is all-important/ 

The two quotations are a perfect 
illustration of the theoretical ap­
proach accompanying the accumu­
lation of data. Physics is a mental 
construction nurtured and strictly 
controlled by experiment. The phy­
sicist describes, interprets and 
predicts phenomena, i.e. the way 
phenomena interlink. He reflects, 
experiments, reflects again and 
dreams, and goes back to his ex­
periments. This constant to-and-fro 
between facts and the way they 
are organized lies at the heart of 
all research, in the mind and hands 
of every physicist. 

The complexity of research and 
the sophistication of experimental 
apparatus and of theoretical ideas 

involve, however, some degree of 
specialization. Enrico Fermi was 
surely one of the last great physi­
cists to be both a master theoreti­
cian for the theoreticians and a 
master experimentalist for the ex­
perimenters. In the past few de­
cades the great names in particle 
physics have been clearly as­
sociated either with theoretical 
physics or with experimental work. 
Particle physics, which requires 
large experimental facilities and 
which its very nature places at the 
frontier of the unknown, where 
suitable concepts are still missing, 
was bound to be the sphere where 
specialization of this sort would 
first make itself felt most clearly. 
But other areas have not lagged 
behind. Although a physicist can 
acquire a good degree of expertise 
both as a theoretician and as an 
experimentalist and have an appre­
ciation of new results, whether 
theoretical or experimental, it has 
become practically impossible for 
him to contribute at one and the 
same time to both types of re­
search. On the world scale, physics 
moves ahead by means of fruitful, 
stimulating yet stiff competition, 
and it is very difficult to be the 
leader in different fields each of 
which calls for an equally high de­
gree of specialization. A choice 
has to be made. The good exper­
imentalist asks the proper ques­
tions with powerful and effective 
methods and apparatus that he 
often has to design from scratch. 
He is also awake to the possibility 
of picking up a signal from back­
ground noise others might consider 
impenetrable, particularly when it 
relates to an unexpected phenom­
enon. The good theoretician will 
go more deeply into things by 
showing how phenomena that are 
a priori different from one another 
are simply separate aspects of a 

more general process; but some­
times in order to do so he must 
develop his own strict system of 
theory. Genius is when in a flash 
a new concept sheds light on an 
entire field of knowledge or when 
a phenomenon may appear for the 
first time, suddenly and indisputa­
bly. 

The competitive element should 
not be underestimated. The theo­
retician can seem to outpace the 
experimenter in his approach, and 
penetrate more thoroughly the 
underlying reality of the physical 
world. But the experimentalist 
whose great desire it is to reveal 
to the world something completely 
unexpected can also spring sur­
prises on the theoretician, by 
showing that nature sometimes 
negates the seemingly satisfactory 
predictions of theory. Our imagina­
tion is no match for nature! 

This interplay between theory 
and experimental science greatly 
stimulates both, but the key point 
is their beneficial complementarity. 
In a recent review of the history 
of weak interactions (see January-
February issue, page 7), T.D. Lee 
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Tradition et progres 

La barge antique a engendre le voilier hauturier, apte 
a relever les defis actuels. Forgee par la tradition, notre 

entreprise est, elle aussi, vouee au progres, Aux pres­
tations et produits requis par les imperatifs de notre 

epoque. 

Nous consacrons tous nos efforts au developpement 
dans les domaines suivants; technique des elastomeres, 

technique des matieres plastiques, technique d'entraine-
ment, technique d'etancheite, oleohydraulique, pneuma-

tique, graissage central, protection de travail. 

En tete hier, aujourd'hui et demain. 

maagtechnic 

Maag Technic SA, Chemin du Suchet 5, 1024 Ecublens 
Dubendorf - Berne-Wabern - Bale - St-Gall-Neudorf 
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People 
and things 

T.D. Lee - two laws of physicists. 

put forward two laws that he de­
duced from studying the enthralling 
history of this area of physics over 
the past forty years, and which he 
calls the 'laws of physicists'. 

The first of these is: 'Without 
experimentalists, theorists tend to 
drift'; and the second: 'Without 
theorists, experimentalists tend to 
falter'. 

There are no rules. Behind the 
great discoveries of particle phy­
sics there can just as easily lie an 
experimental origin as a theoretical 
one. 

The history of particle physics 
during the half-century between 
the first steps towards the modern 
electroweak theory, taken by Fer­
mi, and its confirmation at CERN 
in 1983 provides a good illustra­
tion of this complementarity. 

Although today the electroweak 
theory enjoys so much success, 
the way it breaks certain symme­
tries necessary for obtaining the 
different masses observed, subtle 
as it may be, seems no more than 

a way of accounting for facts we 
do not fully understand. The theo­
reticians would love to know that 
new phenomena exist which could 
shed the necessary light. This is 
what is expected in the TeV region 
from collisions between quarks. It 
is what lies behind the current en­
thusiasm for the big proton collid­
ers, the SSC in the United States 
and the LHC in Europe. We have 
the Standard Model. It is a great 
success, but... how can it be made 
to take its place in a larger sym­
metry? Why does it use these dif­
ferent families of quarks and lep-
tons? How is initial symmetry brok­
en with different masses emerg­
ing? And still more importantly, 
another key question: how is all 
this bound up with gravity? Do the 
superstrings provide the answers 
to these questions? The theorists 
and experimentalists still have a 
long way to go. The frequency of 
major discoveries, observed over 
thirty years at a rate of one every 
two years, gives us grounds for 
hope, and the new machines now 
being perfected must make for 
beneficial contact between theore­
ticians and experimentalists. 

On people 

Field theorist Bernard Julia of the 
Ecole Normale Supérieure, Paris, 
receives this year's Langevin The­
oretical Physics Prize of the French 
Physical Society. 

After a brief period as acting Direc­
tor, Paul Williams becomes Direc­
tor of the UK Rutherford Appleton 
Laboratory, succeeding Geoff 
Manning. 

Retiring correspondent 

One of CERN COURIER'S longest 
serving correspondents, Dick Car-
rig an from Fermi lab, has laid down 
his pen to give himself more time 
for other Laboratory responsibili­
ties. He is succeeded as our Fer-
milab contact by Mark Bodnarczuk. 

Dick has helped us keep abreast 
of developments at Fermilab ever 
since the COURIER went inter­
national in 1976 following the 
meeting of Laboratory Directors 
in New Orleans. Reflecting its posi­
tion as a major world Laboratory, 
news from Fermilab has rarely 
been absent from a COURIER issue 
in all the subsequent months. We 
greatly appreciate the work that 
he has done to ensure this cover­
age and the COURIER editors re­
member with pleasure the warm 
welcome that has always been 
extended to them on their visits 
to Fermilab. 

Meetings 

An International Conference on 
the Physics and Astrophysics of 
Quark-Gluon Plasma will be held 
from 8-12 February 1988 at the 
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POSTDOCTORAL POSITION 
EXPERIMENTAL PARTICLE 

PHYSICS 

The College of William and Mary, Williams­
burg, Virginia, is seeking candidates for the posi­
tion of Postdoctoral Research Physicist. Research 
in progress or planned includes rare kaon decay 
studies at Brookhaven, muon interactions studies 
at SIN and LAMPF, and antiproton experiments at 
CERN-LEAR. 

Experience in other branches of experimental phy­
sics or computer science may be relevant. The 
appointment is for one year and may be renewed 
for two additional years. Applications, including 
letters of reference, should be sent to : 

Chairman, 
Department of Physics 
College of William and Mary 
Williamsburg, VA 23185, USA. 

An Equal Opportunity/Affirmative Action Em­
ployer. 

ECOLE INTERNATIONALE 
FONDEE EN 1964 ENSEIGNEMENT PRIVE 

I URNJI1 23 Ecoles dans le monde 2 rue Vallin 1201 Genève 
Tel: 022/32.83.20 

UNIVERSITY OF BIRMINGHAM 
Department of Physics 

POSTDOCTORAL 
RESEARCH FELLOW 

in Experimental Particle Physics 
(REF D4535) 

Applications are invited for a post within the Particle Phy­
sics Group to work on the UA1 Experiment at the CERN 
proton-antiproton collider. Initially, the candidate would 
be expected to work mainly on the hardware aspects of 
upgrading the experiment to work with ACOL, the new 
antiproton source, but could expect to participate in the 
data analysis at a later stage. Applicants should have or 
soon expect to obtain a PhD in nuclear or particle physics. 
The appointment is funded from a SERC rolling grant and 
is for up to three years in the first instance with a start­
ing salary in the range £9.305,— to £ 14.825,— plus 
superannuation. 

For further particulars of the above post, telephone 0044-
21-472-1301 ext. 2559, quoting reference number above. 
Three copies of letter of application, including full curri­
culum vitae and naming three referees to: 

Assistant Registrar 
Faculty of Science 
PO Box 363 
Birmingham B15 2TT 

by 5 July 1987. 
An Equal Opportunities Employer 

INSTITUT INTERNATIONAL 

. . . located on the edge of woods , within 
a green belt... 

Boarding and day-school 
for boys and girls from 10 to 20. 

INTENSIVE FRENCH COURSES 
in small level groups. 

FULL ACADEMIC SCHEDULE 
PREPARING FOR THE SWISS MATURITY 
EXAMS, THE FRENCH BACCALAUREATE 

OR THE SWISS BUSINESS DIPLOMA. 

Finishing School - General education 
Computer science courses 

Summer courses (French) July - August 

ioioIAUSANNE 
26,ch. Isabelle-de-Montolieu 

Tél. (021) 3210 36 _ _ 
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Tata Institute for Fundamental Re­
search, Bombay, India. Participa­
tion is by invitation only. Further 
information from Organizational 
Secretary, ICPA-QGP '88, VECC, 
Bhabha Atomic Research Centre, 
Sector 1, Block AF, Bidhan Nagar, 
Calcutta 700 064, India. 

This year the Joliot-Curie School 
of Nuclear Physics, arranged jointly 
by the French National Institute of 
Nuclear and Particle Physics 
(IN2P3) and the Institute for Fun­
damental Research of the French 
Atomic Energy Commission, will 
be held at Maubuisson, Gironde 
(France) from 14-18 September. 
This school is intended for all ex­
perimental and theoretical nuclear 
physicists, young or old, and to 
interested physicists in general. A 
major effort is made to use lan­
guage that non-specialists can 
understand. The 1987 school will 
look at different types of corre­
lation in energy ranges such as 
first excited state spectroscopy, 
heavy ion reactions and interme­
diate energy nuclear physics. 
Further information from Mrs. 
E. Perret, Ecole Joliot-Curie, IN2P3, 
20, rue Berbier du Mets, 
F-75013 Paris. 

The Europhysics Conference on 
Control Systems for Experimental 
Physics, sponsored by the Euro­
pean Physics Society (EPS) and 
CERN, and organized by the EPS 
Interdivisional Group on Exper­
imental Physics Control Systems, 
will be held in Villars-sur-Ollon, 
Switzerland, from 28 September 
to 2 October. 

The conference is somewhat of 
a sequel to the 2nd International 
Workshop on Accelerator Control 
Systems, held at Los Alamos from 
7-10 October 1985. Although the 

forthcoming conference will also 
have a strong particle accelerator 
bias, the organizers have decided 
to include control systems of other 
large experimental physics instal­
lations, such as telescopes, fusion 
reactors, etc. Contributions must 
have a substantial controls com­
ponent and pure data taking will 
be excluded. The conference will 
consist of invited papers, contri­
buted papers, workshops, tutorials 
and an excursion to a major exist­

ing control system. Following the 
style of the Los Alamos Work­
shop, the conference will be open, 
rather than 'by invitation'. 

Further information from 'Con­
trols Conference' c/o B. Kuiper, 
CERN PS division, 1211 Geneva 
23, Switzerland, telephone: inter­
national 41/22/83 25 23, EAN 
Mail <COCONF@CERNVM>, 
telex: 419 000 CER CH, telegram: 
CERNLAB GENEVE, telefax: inter­
national 41/22/83 65 55. 

Report looks at feasibility of Directed 
Energy Weapons for SDI 

The development of an effective 
ballistic missile defence utilizing 
directed energy weapons would 
require performance levels that 
vastly exceed current capabili­
ties, according to a panel of 
experts on directed energy tech­
nology convened by The Amer­
ican Physical Society. In a report 
entitled The Science and Tech­
nology of Directed Energy Wea­
pons, ' the study group con­
cludes that insufficient informa­
tion exists to decide whether 
the required performance levels 
can ever be achieved. 

The study was headed by 
C. K. Patel of AT&T Bell 
Laboratories and Nicolaas 
Bloembergen of Harvard. Presi­
dent of the American Physical 
Society Val Fitch of Princeton 
announced the release of the 
report. 

Directed energy weapons, 

which include high intensity 
lasers and energetic particle 
beams, have been expected to 
play a crucial role in the Strate­
gic Defense Initiative (SDI). The 
study group estimates that, 
'even in the best of circum­
stances, a decade or more of 
intensive research would be 
required just to provide the tech­
nical knowledge needed for an 
informed decision about the 
potential effectiveness and sur­
vivability of directed energy 
weapon systems. ' 

One of the conclusions of the 
study was that 'all existing can­
didates for directed energy wea­
pons require improvement by 
a factor of at least 100 in power 
output and beam quality before 
they can be seriously considered 
for application in ballistic missile 
defence systems'. 
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Wandel & Goltermann 
Electronic Measurement Technology 

The battery-powered SPM-33 selective level meter is light and easy-to-use - but still has features like synthesiser accuracy, AFC, frequency search, £| |iri£lfVl€|n normaliser and memory function. The 
IVlafVvr O III ICrl I I O I I frequency is set by direct digital entry, in - I steps or in quasi-analog mode. The 
I13DDV result disP'aV h a s a resolution of 0.01 dB ; 

rwrM " fast bargraph for trends. Three band-Di iw Uim +1***% A A m i \ ^ A f widths, bal/coax connectors, standard DUy 1111II llltj UUI ll|JCll#l impedances. Memory for 100 setups/ ^ _ ~ **** — f ixed frequencies and results. All this SPIwl-33 EtlSV CF makes the SPM-33 the test set for in-w w " ""Owj service and maintenance testing on CF level measurements 
Wandel & Goltermann (Schweiz) AG, Postfach 254 
3000 Bern 25, Tel. 31-426644, tlx. 912350wgch 200 Hz to 1.62 MHz 
• Your free SPM-33 colour brochure 

• A visit from a sales engineer 
Name 

Company 

Street 

Town „ , 

Telephone no „ , CH 7389 K 
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D L 3 0 0 0 FADC SYSTEM 
o 8 b i t RESOLUTION ( i o w f S K t ) o 
o lOO MHS SAMPLEM© RATE o 

AO DR. [N] 

DL3001 developed by DESY Hamburg 

RECORD LENGTH 

BUS COMPATIBLE 
With DL300 SYSTEM 
VMS Off CAMAC 
INTERFACE AVAILABLE 

EWTE1MATIOMAL 1EPRESEMTATÏYES 
LeCROY RESEARCH SYSTEMS CORPORATION.CHESTNUT RIDGE. Td. 914 425 2000 

&(3Âg> SMITH & JONES SYSTEMS, NEWBURY. Td. 0 635 41087. (T^BERGOZ. 
(SEX. T e t ( 5 0 ) 410089. (£R>ANTARES AG, NUSSBAUMEN, Tel. 056 823783. 
CD ELESYS, ROMA, Td'. 06 897794. (gN^RAYONICS SCIENTIFIC INC., ONTARIO, 
Tel. 4 1 6 - 7 3 6 - 1 6 0 0 . COD UNITRONICS, NIEUWEGIEN, Tel. 4302 38559. <T> 
GUNNAR PETTERSON AB, STOCKHOLM, Td. 08 930 80. @ > OPTICAL SYSTEMS LTD, 
ATHEN, Tel. 9023033-39 . 

D-2000 TANGSTEDT, P.O.B. 1147, W-GERMANY 
PHONE. (04109) 9966. TELEX- 2 180 715 TEGS _ _ 

• M M M M M M M a ^ ^ M M B B H I ^ H H H ^ ^ ^ ^ ^ D R . B. STRUCK 
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The OPAL and DELPHI end-cap 
calorimeters at CERN require lead-glass 
arrays to be read out in full axial fields up 
to 1.2 tesla. Not a task for conventional 
PMTs. So, building on our experience in 

-,, , u n r vacuum photo 
3lnchVPT r 

201 diodes, we 
; developed a 

| ; ^ ^ ^ ^ ^ family of Vacuum 
k 1 0 Photo Triodes to 
> do the job. In VA", 

2" and 3" sizes, 
°! 1 1 ' Vst' 1 ' ' l o t and with low 

Axial magnetic field c ap a c i tance tO 
minimize contribution to preamplifier 
noise. With gains —10 at 1 T axial. Even at 
20° from axial, gains still high enough to 
lift the signal well clear of preamplifier 
noise. We*re prepared to discuss versions 
for fields up to 70° from axial. 

Axial magnetic field 

A timely solution to a new problem in 
HEP instrumentation - and one with an 
extra benefit at zero field: the multiplica­
tion statistics of the VPT dynode are 
better than those of a conventional PMT; 
at high light levels this can result in better 
energy resolution. Using our 3" VPTs, 

/ r sT* theRAL/OPAL ' 
Rotation of VPT in . . . . , 
0.4 tesla axial field collaboration has 

^ i . o - — a c h i e v e d normal­
cy ized energy 
|- • \ resolutions of 
I °'5: 5%/vf for elec-
| ; trons of above 
* 0.5 GeV energy 

°° . 1° 2° at 1T axial field. 
Angle (degrees) . _ 

If your experi­
ment involves high magnetic fields, VPTs 
may be the answer. For further details 
contact: 
Philips Electronic Components and 
Materials Division, 5600 MD Eindhoven, 
The Netherlands. Telex 35000 nljeveo. 

We've set the standard for over 20 years 
Electronic 
components 
and materials 





Put Physics in Your Trigger 
Raw data from scintillator counters and hodoscopes, 
silicon strip detectors, wire chambers and calori­
meters reflect the geometry of the apparatus . . . not 
the physics under study. Now, you can select 
rare physics phenomena and reject background by 
using LeCroy ECLine Trigger Processors in your 
next trigger design. Imagine determining total 
energy, missing energy, rapidity, momentum transfer, 
and multiplicity directly from the raw data and 
increasing the sensitivity of your experiment! 

Functions like memory mapping, arithmetic 
operations, sequencing, pipelined data flow and 
programmable logic can be combined in a fast, 
cost effective, multi-level triggering system that 
parallels the logic of your off-line analysis pro­
gram. Control and values used in your algo­
rithm can be down-loaded via CAMAC. In 
addition, these trigger conditions can be 
read back and included with the data for 
off-line trigger verification. 

LeCroy... for the performance, 
service and support you 
can count on today and 
in the future. 

Noise-immune, inexpensive ECL buses link the 
modules. LeCroy's FERA Fast ADC and TDC System, 
PCOS III Multi Wire Proportional Chamber System 
and our FASTBUS High Density ADC and TDC 
Systems communicate with ECLine via these same 
ECL buses. 

DONT SETTLE FOR LESS THAN PHYSICS IN 
YOUR TRIGGER! 
Contact your regional LeCroy sales office for assist­
ance, specifications, Application Notes and Tech­
nical Data Sheets. 

laCroy 700 Chestnut Ridge Rd., Chestnut Ridge, NY 10977-6499, USA. Tel: (914) 578-6013 
Route du Nant-dAvril 101, CH-1217 Meyrin 1-Geneva, Switzerland. Tel: (022) 82.33.55 



The Kobold Handbook will be sent 
to you, free of charge, on request. 



Flow measurement 
M i c r o v o l u m e f l o w m e t e r s 
with or without needle valve 
in p o l y c a r b o n a t e , p o l y s u l f o n e a n d 
a c r y l i c g l a s s 

Water: 0.1-1.5 l/h to 5-80 l/h 
Air: 0.5-5 L n/h to 0.2-2.6 Nm 3/h 

M i c r o v o l u m e f l o w c o n t r o l l e r s 
Explosion-proof iG 5 
Types: KSR and SVN 

Water: 0.1-120 l/h 
A i r : 2 l n / h -2Nm 3 / h 

M i c r o v o l u m e f l o w m e t e r / 
c o n t r o l l e r s 
Explosion-proof I 
Types: KDG/KDS 

Water: 0.002 - 0.02 to 16 -160 l/h 
Air: 0.03-0.3 l n /h to 430-4300 l n /h 

A l l - m e t a l m i c r o v o l u m e 
f l o w m e t e r / c o n t r o l l e r s 
Explosion-proof i f t ^ i 
Type: KM U 

PN 40-PN100/-20...+150°C 
Water: 0.1-1 l/h to 25-250 l/h 
Air: 4.5-45l n /h to 0.8-8Nm 3 /h 

F l o w m e t e r / c o n t r o l l e r s 
Explosion-proof iG 5 
Type: SV-R/S-R 

A l l - m e t a l f l o w m e t e r / c o n t r o l l e r s 
w i t h a n a l o g o u t p u t 
Explosion-proof iG 5 
Type: SMV-RA/KM-G 

F l o w m e t e r s a n d c o n t r o l l e r s 
w i t h a n a l o g o u t p u t i n d e p e n d e n t 
o f v i s c o s i t y a n d l o c a t i o n 
Types: VKG and VKM 

A l l - m e t a l f l o w m e t e r s a n d 
c o n t r o l l e r s w i t h a n a l o g o u t p u t 
Type: MC 

Water: 6-60 l/h to 0.5-9m 3 /h 
Air: 0.2-2 Nm 3/h to 20-250 Nm 3/h 

PN 350/-50°C... + 160°C 
Water: 3-60 l/h to 0.5-15m 3/h 
Air: 3-35 l/h to 20-400 Nm 3/h 

Viscosity range: 1-5000 mm 2/s 
e. g.: 0.01-0.07 to 8-80 l/min of oil 

PN 40 - PN 600 / -50. . . +300 °C 
Water: 2.5-25 l/h to 10-100 m 3/h 
Air: 75-750l n /h to 180-1800 Nm 3/h 

T r o g a m i d a n d p o l y s u l f o n e 
f l o w m e t e r / c o n t r o l l e r s 
w i t h a n a l o g o u t p u t 
Type: KSM-R mmm — 

E l e c t r o n i c f l o w c o n t r o l l e r s 
for gases, liquids and powders 
Media: A p = 0 
Stainless steel, PVDF and poly­
propylene 
Type: EGE 

F l o w s e n s o r s p r o p o r t i o n a l t o 
d i f f e r e n t i a l p r e s s u r e 
Type: Beta-Probe 

% 
P a d d l e - b e l l o w s f l o w m e t e r s a n d 
c o n t r o l l e r s for heavily contaminated 
media 
Types: HSW - DWU/-DWP/-DWS 

H 

Water: 16-160 l/h to 2-20 m 3/h 
Air: 0.25-2.5 Nm 3/h to 58-580Nm 3 /h 

Liquids (incl. h i g h l y v i s c o u s ) : 
0.01-4 m/s. 
Gases: 0.1-15 m/s 
PN 300/-40... + 90°C 

Error: ± 0.5% or ± 2% 
R 1 /2"-R27DN50 - 9 m lead dia 
Liquids, gases and steam 

Pipe connection 3 / 8 " - 2 " 
Flange connection DN 10-DN 50 
Slip-on flange for DN 40-DN 1000 
1-4l/min to 10000 m 3/h 
PN6-PN 10/100 °C 

P a d d l e f l o w c o n t r o l l e r s 
Type: PSR Type: PPS-3S 
Brass and stainless Polysulfone 
steel 

H o r i z o n t a l b a l l - t y p e f l o w i n d i c a t o r 
Type: DA-KU 

\ 
F l o w i n d i c a t o r , c a n b e m o u n t e d in 
a n y p o s i t i o n , with plastics rotor and 
a u t o m a t i c s i g h t - t u b e c l e a n e r 
Type: DA-RA 

F l o w i n d i c a t o r , c a n b e m o u n t e d in 
a n y p o s i t i o n , w i t h T e f l o n r o t o r 
Type: DA-R 

m 

1 

3-5 l/min 
to 20-28 m 3/h 
PN 16-PN 25/100°C 

10-110 l/min 
PN 10/110 °C 

Range 
Water: 0.3 l/min-90 l/min 
Air: 0.015 Nm 3/min-200 Nm 3/h 

R 1 / 4 " -R1 1 / 2" 
PN16/100°C 

R 1 /4" - R1 1 /2" / flange DN 25/40/50 
suitable for both dark opaque liquids 
and for gases 



Measurement of level 
Magnetic float switches 
Type: N 
180 different types in high-grade steel, 
titanium, brass, PPH, PVC, PVDF and 
PTFE 

PN 100/180 °C 
Den. liq mm : 0.25 kp /dm 3 

Magnetic float switches 
Type: NS 
for side-fitting 

PN 100/180°C 
Den. ijq min ^0.25 kp/dm 3 

Magnetic float switches 
Type: NV V 2 " und NV 3M" 
for side-fitting 

it 
PN18/110°C 
Den. |jq min ^0 .8 kp/dm 3 

Float switches with spring 
contact 
Type: FNS 
for side-fitting 

PN 16/350°C 
Den.jjq min ^0.8 kp/dm 3 

= 10 Abei 220 V-

PTFE float switches 
Type: NST 
for side-fitting with mercury contact 

Bypass float switches 
with spring contact 
Type: FNS 

Bypass magnetic float switches 
Type: NB-10 

All-purpose limit switches 
for liquids 
Type: FTL160 

1 bar/160°C 
Den.jjQ min ^0.7 kp/dm 3 

| m f l y = 4 Abei 220 V ' 

PN 16/350°C 
Den.jjq min ^0 .7 kp/dm : 

10 Abei 220 V ' 
PN 10/150°C 
Den.jjq min >0.7 kp/dm 3 

Den.jjq min: independent 
max. viscosity: 2000 mm 2/s 
PN16/-40...+150°C 
G x 5 Cr Ni Mo Nb 1810 austenitic steel 

Limit switches for conductive 
fluids 

Thermal resistor switches for 
nonconductive liquids 

Level indicators 
Level pick-ups 
Type: NM 

Bypass level indicators 
with magnetic transmitters 
Type: BMG 

* ' " « s i 

6 
PN 100/150°C 
single to quintuple electrodes 

tn , = -25°C.. . +55 °C 
max. viscosity 10 °E PN 25/-50°C...+130°C PN 350/300°C 

Vibratory level signalling devices 
for heavy and viscous media with 
flexible vibratory sensor 
Type: NBV 

Diaphragm-type level signalling 
devices for installation in silos, 
bunkers, etc. for coarse and fine bulk 
goods 
Type: NMF 

Capacitive level switch 
for fine and powder bulk goods 
Type FTC 960 

Time-delay starting relays 
Contact protector relays 

PN6/80°C/IP55 
R1 1/2" or flange DN 50-DN150 

-30°C...+200°C 
for Zone 11 explosion-proof rooms 
without ancillary equipment 

PN 6/-20.. .+80°C 
R17 adapter R I V 2 " 

Explosion-proof relays -
Zone O 
Control systems 



Pressure 

Standard line 
Diameter 40, 50, 63, 80,100 and 
160 mm, 
Quality Class 2.5 
Measuring range 0-1 bar to 
0-400 bar 

High-quality | 
Diameter 52, 6 ^ ^ 80,100 and 
160 mm, 
Quality Class 1.0 
Measuring range 
0-60 mbar to 0-400 mbar 
0-0.6 bar to 0-1600 bar 

Glycerine-filled pressure gauges 
Diameter 63,100 and 160 mm 
Quality Class 1.0 to 2.5 
Measuring range 
0-0.6 bar to 0-1000 bar 

Chemical line 
Diameter 40, 50, 63,100 and 160 mm, 
Quality Class 1.0 
Measuring range 
0-0.6 bar to 0-1000 bar 

Bellows ancfâiïf 
press!N«au 
Diameter 100 a i 
Quality Class 11 
Measuring rang 
0-60 mbar to 0-400 mbar 
0-0.6 to 0-25 bar 

Precision pressure gauges 
Diameter 160 mm, "Quality Class 0.6 
and 0.3 
Diameter 250 mm, Quality Class 0.3, 
0.2, 0.1 
Measuring range 
0-0.6 bar to 0-1600 bar 

Pressure and differential pressure 
switches 
Adjustable differential setting 
Liquids, steam and gases 
Type: KD/KV 

Contact pressure gauges 
• Magnetic snap-action contacts 
• Crawl contacts 
• Inductive contacts 
• Pneumatic contacts 

-250 mbar to 100 mbar 
15 bar to 63 bar 
250 VAC, 10 A 

Temperature 
Digital hand thermometers 
Type: 7300/9300 

-200°C.. .+ 600 °C 
- 40°C...+1200°C 

Digital hand thermometers 
For Zone 0 explosion-proof rooms 
Type 9500 

-70°C...+1200°C 
-50°C...+1750°C 

Precision dial thermometers 
Nitrogen-filled 
For food industry, etc. 
Error: ±0.6 and ±1.0% of full-scale 
reading 
Di© 

-250°C . . .+650°C 

Precision dial thermometers 
Mercury-filled, 
error ±1.0% of full-scale reading 
Type: 610 
Diameter: 80,100 ajMU6P mm 

-30°C...+500°C 

Machine thermometers 
Bimetal 
50, 63, 80,100,160, 250 mm 

Digital 48x24 thermometers for 
panel mounting 
Type: TT 4600 

Temperature controllers 
with adjustable set point 
Type: KTAM/KTXM 

Temperature controllers and 
monitors with fixed set point 
Type: TWR 

-35°C.. .+ 50°C 
0°C...+300°C 

0°C.. .+ 99.9°C 
-20°C...+600°C 

-30°C.. .+ 10°C 
+80°C...+130°C 

+30°C...+120°C 
PN16/IP65 
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