
CEItn COURIER 
International Journal of High Energy Physics 

V O L U M E 2 7 M A R C H 1 9 8 7 



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 

R. A. Carrigan 
Kf K 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 Tajie 
JINRDubna, 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 Postale56 
00044 Frascati 
Roma 

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

USA/Canada — 
Margaret Pearson 
Fermilab, P. 0. 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 nec
essarily those of the CERN management 
Printed by: Presses Centrales S.A. 

1002 Lausanne, Switzerland 
Published by: 
European Laboratory for Particle Physics 
CERN, 1 211 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° 2 f JF i l l if i I f m 1 1 1 1 1 m m 
March 1987 

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 iche l i ne Falc io la / A d v i s o 
ry P a n e l : R. K lap i sch (Cha i rman) , H. B 0 g g i l d , H. Lenge le r , 
A . M a r t i n 

US Superco l l i de r a p p r o v e d 
Initial green light for mammoth new machine 

L o n g range p h y s i c s 
How to use the big new machines 

15 

T9 

Around the Laboratories 

C E R N : Cas t y o u r i on f i r s t r e s u l t s / C r y s t a l c lea r /LEP p r o 
g r e s s / L a t e s t m u o n r e s u l t s / M a n y r o d s m a k e l ight w o r k 
Hints from nuclear beams/New uses for particle detectors/ 
Big machine takes shape/Many years of data/Detector sol
diers on 

C O S M I C R A Y S : N e w S o v i e t i n s t a l l a t i o n / I n t e r n a t i o n a l s y m p o 
s i u m 
Giant detector under construction/Conference report 

D E S Y : T h e w e a k g e t s t r o n g e r 
Electroweak effects show up well 

21 S E R P U K H O V : UNK u n d e r w a y 
Big Soviet machine takes shape 

22 A R G O N N E : A c c e l e r a t o r r e s e a r c h 
Keeping alive a strong tradition 

25 European m e d i c a l acce le ra to r in i t ia t i ve 
Plans for multinational project 

27 D A T A C O M P I L A T I O N : P r o t o c o l s i g n e d 
International agreement 

27 CERN m a k e s h i s t o r y 
First volume of the early story 

People and things 

S t a n f o r d Col l ider g e t s r e a d y 

Cover photograph: 
The flowering fibre optics readout from the fibre calorimeter measuring 
transverse electromagnetic energy accompanying muon pairs produ
ced in high energy oxygen-uranium interactions at CERN in the NA38 
experiment (Photo Jack Arnold - LPC Clermont-Ferrand). 

CERN Courier, March 1987 III 

1 
3 

4 

31 
39 



VME OR CAMAC 
MONITOR/CONTROL 

OR DATA ACQUISITION 

CAMAC OR IBM PC 
MONITOR FOR 
COSMIC RAYS 

E-M 
CALORIMETER 

HADRON 
CALORIMETER 

INNER DRIFT 
CHAMBER 

F A S T B U S 

D A T A A C Q U I S I T I O N S Y S T E M S 
T O D A Y ! Design the perfect large-scale data 
acquisition system for your next High Energy Physics or 
Heavy Ion experiment with standard FASTBUS components 
available NOW!. • Interconnect Segments via high-speed, 
noise-immune, ECL links with our SM/I and its ECLport Person
ality Card. • Use our Event Buffers to provide intermediate storage 
wherever needed. • Organize your data flow so that sparsely 
populated data sources are grouped together while dense detectors 
have their own data paths. • Concentrate programmable control in 
our Segment Masters for sparse data scan, reformatting, etc. • Mix 
LeCroy 96-input TDC's, and ADC's with other standard FASTBUS 
modules in the same Segment for tightest packing. • Choose the 
best interface for one or more host computers via our SM/rs DEC 
ECL, or VME Personality Card Interfaces. • Use our SM/1 as a 
"Snoop" module to monitor the data flow or perform background 
calibrations. 
AVAILABLE NOW, this complete line of 96-input data acquisition 
modules, interfaces and support units, provides you with field proven 
FASTBUS modules already used in physics experiments all over the world. 
Call or write for our latest product summary and application notes. 
LeCROY for the specifications, service and 
support you can count on today and in the future. 

LeCROY SYSTEM 1800 C O M P O N E N T S 
MODEL FUNCTION 

1821 SM/I (Segment Manager/Interface) for programmable Seg
ment control and interfacing to other Segments and/or host 
computers. 
Event Buffer Memory with automatic event "accounting" 
and management. 
CAT (Calibration and Trigger) Utility module for control 
distribution, synchronization, calibration and testing of data 
acquisition modules. 

1882N, ) 96-lnput ADC Data Acquisition Module with up to 15-bit ef-
1885N J fective dynamic range and down to 50 fC/count sensitivity. 
1878, j 96-lnput TDC Multi-Hit Time Digitizer with down to 
1879 J 600 psec (2 nsec/count) resolution. 

1892 
1810 

700 South Main Street, Spring Valley, NY 10977, USA. Tel: (914) 578-6013 
Route du Nant-d'Avril 101, 1217 Meyrin 1-Geneva, Switzerland. Tel: (022) 82 33 55 



LRBEfl 
introduces: 

the "32-channels amplifier" 
[CAMAC mechanics] 

LABEN laboratories and INFN* developed something 
special forE 687program at Fermi Lab.: 
a module with 800 components to amplify 32 microstrip 
channels with adjustable gain and pole zero cancellation. 
It is interfaced to LABEN preamplifiers but it is also 
compatible to other preamplifier types. 

*Istituto Nazionale di Fisica Nucleare 

20090 VIMODRONE (MILANO) Italy - S.S. Padana Superiore 290 - Tel. (02) 250751 - Tlx 312616 LABEN I 



High Definition Video Recorders. 

10 MHz Bandwidth. 

To register v ideo signals of 
"high line densi ty requires 
high-resolut ion v ideo 
recorders! 

W o r l d w i d e , G r u n d i g 
1" v ideo recorders w i th 
1 0 M H z b a n d w i d t h a n d 
up to 1 2 4 9 l ines a re busy 
w i th document ing a n d 
informing in universities 
a n d institutes, in gove rn 
mental agenc ies a n d 
counci ls, in labora tor ies , 
in microscopy a n d macro-
scopy, in microf iche a n d 
Xray film record ing . 

The very high def ini t ion 
ensures cont inued visibil ity 
of even smallest detai ls. 

M o v i n g objects can be 
observed in s low mot ion, 
f reezing the image in any 
desired phase - of course, 
w i thou t any interference! 

Still f rame record ing of up 
to 1 5 0 , 0 0 0 f r a m e s , 2 sound 
tracks, electronic ed i t ing , 
. . . w e supply exact ly w h a t 
you need ; the professional 
1" v ideo recorder, the 
monitor, the high-resolut ion 
camera - the complete 
high-def in i t ion system. 

K)MHz 

G r u n d i g A G 
ELECTRONIC Depar tmen t 
W û r z b u r g e r S t r . 150 
D-8510 Furth/Bay. 
Phone 0911/7330-1 
Telex 6 2 3 4 3 5 
Telefax 0 9 1 1 / 7 3 3 0 4 7 9 

GRUnDIG 
e l e c t r o n i c 

High Tech from Grundig Electronic. 
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Upgrade your CAMAC system 
with the Incaa CAPRO 68K processor 

Hardware 
CAPRO 68K is an autonomous CAMAC processor/controller, housed in a 
3 slots wide module and based on a 68000,8MHz, 32bit microprocessor. 
CAMAC Interface with DMA 
Memory: 64Kb EPROM, 512Kb RAM 
Two RS232 ports 

Software 
(3S-9/68000 OPERATING SYSTEM: Multiuser/Multitasking consisting of a 

JL J , Kernel, I/O Management System, "Shell" Command Interpreter, CAMAC 
^ \ _ y ' Library, and over 50 Utility Commands. 

' Real time programs developed under OS-9/68000 may be written in: 
BASIC 09/68000, C, PASCAL, FORTRAN 77, and MACRO ASSEMBLER. 

Peripherals 
• CAMAC Winchester disc subsystem with cartridge tape backup 

CAMAC Intelligent Floppy Disc subsystem 
CAMAC File Memory module non-volatile 
RAM128Kwords (16-bit) 
CAMAC Communication Interfaces n n n i i n i i T C n o 
CAMAC Graphic colour display controller COM PUTERS 

illOA 
INCAA b.v. Amersfoortseweg 15, P.O.Box 211,7300 AE Apeldoorn-HOLLAND. Tel. 055-551262. Tlx 49632 incaa nl 

Quality from Germany! 
The fug E lek t ron ik G m b H deve lops and manu fac tu res l o w 
and h igh -vo l t age p o w e r supp l ies f o r any app l iance . 

Tug - power supplies do always offer 
something more 
e.g. d ig i ta l d isp lay o f t he o u t p u t va lues 
d isp lay fo r regu la t ion s ta te 
p r o g r a m m i n g : ana log , d ig i ta l or IEC-bus 
po le reversal s w i t c h f o r h i gh -vo l t age 
p o w e r supp l ies 
1 9 " rack -adap te r f o r all supp l ies 
w i t h o u t r e c o n s t r u c t i o n 

S t a n d a r d supp l ies can be 
supp l ied at s h o r t t e r m 

D e m a n d o u r c a t a l o g u e : 

E x a m p l e s o f o u r 
p r o d u c t i o n r a n g e : 

Stab i l i t y and r ipp le : 
0 ,01 % 

H C N 7 E - 6 5 0 0 
0 -6 ,5 kV, max. 1 m A 
P r i c e : D M 1 4 7 0 — 

M C N 3 5 0 - 1 2 5 
0 - 1 2 5 V, 0 -2 ,5 A 
P r i c e : D M 3 3 3 0 , — 

H C N 1 4 0 - 3 5 0 0 
0 - 3 5 0 0 V, 0 - 4 0 m A 
P r i c e : D M 4 0 4 0 — 

Pr ices : 
f ree Ge rman border , 
p a c k i n g inc luded 

E l e k t r o n i k G m b H , F l o r i a n s t r . 2 , D - 8 2 0 0 R o s e n h e i m / B R D . T e l e f o n 0 8 0 3 1 / 8 1 0 9 3 , T e l e x 5 2 5 7 1 2 
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US Supercollider approved 

In a bold move to boost US high 
energy physics. President Reagan 
has approved construction of the 
world's largest particle accelerator, 
the Superconducting Supercollider, 
SSC. With the requested start in 
Financial Year 1988, the Supercol
lider could be completed in 1996. 
The actual timetable depends on 
Congressional approval and actual 
levels of funding. 

Ideas for this mammoth machine 
emerged several years ago in the 
context of thinking on the future 
of US high energy physics, where 
confidence had been shaken fol
lowing the unanticipated success 
of CERN's proton-antiproton col
lider scheme. 

A specially formed Central De
sign Group produced a farsighted 
plan for an 84 kilometre racetrack-
shaped ring with a string of 10 000 
superconducting magnets in a 
3 metre diameter tunnel to contain 
two contrarotating 20 TeV 
(20 000 GeV) proton beams. A 
detailed design report was pub
lished last year. 

Cost of the project is estimated 
at $3.2 Gigadollars in 1988 prices, 
with an additional $1.2 Gigadollars 
for detectors, computers, research 
and development work and pre-
operations. As yet no decision has 
been taken for a site, but many 
states are clamouring for selection. 

Another motivation for building 
the SSC is the conviction that it 
will reveal new physics. In the 
summer of 1982, participants at 
a workshop organized by the 
American Physical Society's Divi
sion of Particles and Fields agreed 
that exploration of quark physics 
at TeV energies was essential to 
answer fundamental questions in 
high energy physics. It was at this 
workshop that the concept of a 
20 TeV accelerator, the SSC, was 
first studied in detail. 

CERN Courier, March 1987 

Design for the US Superconducting 
Supercollider, SSC, showing the 
84 kilometre racetrack tunnel where proton 
beams would be taken to 20 TeV 
(20 000 GeV). The gigantic machine could 
be complete by 1996. 

0 5 1 0 k m 
1 • i i i I i i i i I 

The feasibility of the SSC was 
examined in detail at a workshop 
in the spring of 1983. The conclu
sion was that, just as develop
ments in physics made evident the 
need for a machine like the SSC, 
so developments in technology, 
especially in superconductivity, 
made the building of such a ma
chine possible. 

Enthusiasm soon turned to ac
tion. In July 1983, the High Energy 
Physics Advisory Panel of the US 
Department of Energy unanimously 
endorsed detailed research into 
the feasibility of the SSC. With 

Congressional approval, funds 
were reallocated to support re
search and development on the 
new accelerator, especially on the 
superconducting magnets. 

Early in 1984, the Reference 
Design Study Group met at Berkel
ey to review the technological 
needs of the SSC. There an initial 
price tag, based on proven tech
nology, was put on the machine. 

At the same time, a management 
structure for the R&D programme 
was also established. The broad 
national scope of the SSC effort 
was emphasized by the choice of 
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the Un ivers i t ies Research A s s o c i a 
t i o n , a c o n s o r t i u m o f 5 6 ma jo r 
un ivers i t ies , as t he c o n t r a c t o r f o r 
R&D. Pr imary respons ib i l i t y w a s 
de lega ted t o an a p p o i n t e d Board 
o f Ove rsee rs , w h i c h chose M a u r y 
T igner o f Cornel l t o d i rec t t he Cen
tral Des ign Group (CDG), r e s p o n 
sible f o r coo rd ina t i ng the R&D ac
t i v i t ies . Berke ley w a s se lec ted as 
the hos t Labo ra to r y f o r the CDG. 
W o r k has been car r ied ou t in in 
dus t r y and at severa l un ivers i t ies 
and nat iona l Labo ra to r i es , e s p e 
cial ly B r o o k h a v e n , Fermi lab , and 
the T e x a s A c c e l e r a t o r Center , as i 

we l l as Berke ley . 
The f i rs t t w o years o f SSC w o r k 

s a w the p repara t ion o f a s i t ing 
pa rame te rs d o c u m e n t , the se lec
t i on o f a spec i f i c m a g n e t t y p e a n d , 
m o r e recen t l y , t he pub l i ca t ion o f 
the Concep tua l Des ign Repor t , a 
deta i led a c c o u n t o f all t he s y s t e m s 
needed f o r ope ra t i on o f the SSC 
as a fu l ly f unc t i on ing research fac i l 
i ty. Cos t es t ima tes and a p r o p o s e d 
c o n s t r u c t i o n schedu le are a lso 
inc luded . 

The fu tu re o f the p ro jec t n o w 
h inges on Congress iona l au tho r i 
zat ion and s u b s e q u e n t a p p r o p r i a 
t i o n . If Congress iona l r e s p o n s e is 
pos i t i ve , the re wi l l be a nat iona l 
c o m p e t i t i o n f o r the SSC s i te , w i t h 
p r o p o s a l s j u d g e d aga ins t de ta i led 
requ i remen ts d r a w n up by the De
p a r t m e n t o f Energy. It is p lanned 
tha t t hese p r o p o s a l s w i l l be re
v i e w e d by a d i s t i ngu ished panel 
a p p o i n t e d by the Pres iden ts o f the 
Nat ional A c a d e m i e s o f Sc iences 
and o f Eng ineer ing. T h e panel w i l l 
se lect a smal l n u m b e r o f p r o p o s a l s 
tha t bes t sa t i s fy the s i te requ i re
m e n t s , and wi l l s u b m i t t h e m u n -
ranked t o the D e p a r t m e n t o f Ener
gy f o r f inal s i te se lec t i on . 

Full-length turnout for the first full-length 
(17 metre) dipole of the preferred design 
for the proposed US Superconducting 
Supercollider (SSC) at Brookhaven, ready 
for its transfer to Fermilab for cryogenic 
testing. 

(Photo Mort Rosen, Brookhaven) 

Elsewhere 

In Europe, the news of the initial 
approval for the US Supercon
ducting Supercollider was re
ceived enthusiastically as it 
showed that the future of high 
energy physics is regarded as 
being of paramount importance 
at the highest levels. While the 
US plans gather momentum, 
the possibility of a hadron ring 
in the LEP tunnel at CERN is still 
attractive. Although restricted 
in energy by the 'modest' di
mensions of the LEP tunnel 
compared to the SSC (27 kilo
metres circumference against 
84), this Large Hadron Collider 
(LHC) scheme scores points for 
the magnificent beam injection 

systems already in place at 
CERN, a complete tunnel, and 
several collision options. Once 
the LEP electron-positron collid
er has become routinely opera
tional at about 60 GeV per 
beam, the high field supercon
ducting magnets required for 
LHC to reach about 8 TeV 
(8000 GeV) per proton beam 
could be installed in parallel with 
the superconducting cavities 
required to attain design energy 
(about WO GeV per elec
tron/positron beam) in the LEP 
ring. 

In the Soviet Union, the big 
UNK project (see page 21) also 
pushes ahead. 

2 CERN C o u r i e r , M a r c h 1 9 8 7 



Long range physics 

John Mulvey, chairman of the physics 
subpanel set up under the CERN Long Range 
Planning Committee. 

T o push f o r w a r d the f r on t i e r s o f 
k n o w l e d g e , f a r - s i gh ted spec ia l i s ts 
are p lann ing and des ign ing n e w 
part ic le phys ics mach ines . The i r 
size and c o m p l e x i t y m e a n s tha t 
such p ro jec ts can no longer be 
a t t a c k e d by a bunch o f local e n t h u 
s ias ts , and have g r o w n ins tead t o 
invo lve an in ternat iona l c o m m u n i t y . 
In paral lel w i t h th is e f f o r t , r esea rch 
ers are l ook ing in deta i l at t he p h y 
s ics cond i t i ons these mach ines 
are l ikely t o gene ra te , and t he 
t y p e s o f expe r imen t and d e t e c t i o n 
e q u i p m e n t needed t o exp lo i t t h e m . 

In the US , the S u p e r c o n d u c t i n g 
Superco l l ider (SSC) p ro jec t f o r han 
d l ing 2 0 T e V (20 0 0 0 GeV) p r o t o n 
b e a m s has s p a w n e d a ser ies o f 
w o r k s h o p s t o d i scuss phys i cs 
issues and d e t e c t o r ideas (see p re 
v ious s to ry ) . 

A t CERN, Counci l se t up in 1 9 8 5 
a Long Range Planning C o m m i t t e e , 
cha i red by Carlo Rubb ia , t o exp lo re 

va r ious o p t i o n s f o r the long t e r m 
fu tu re o f the Labo ra to ry . Th is C o m 
mi t tee issued an in ter im repo r t last 
year (see S e p t e m b e r 1 9 8 6 issue, 
page 17) , and is schedu led t o p r o 
duce f inal r e c o m m e n d a t i o n s later 
th is year . 

T h e C o m m i t t e e set up th ree s p e 
cial ist s u b p a n e l s ; one cha i red by 
Giorg io Briant i t o inves t iga te t he 
feas ib i l i ty o f a hadron co l l ider in 
the tunne l n o w be ing bui l t f o r the 
LEP e lec t ron -pos i t r on co l l ider , a 
s e c o n d , cha i red by Kjell J o h n s e n , 
t o look in to the poss ib i l i t y o f a 
large e lec t ron -pos i t r on co l l ider in 
the 1 T e V range (in i ts init ial ver 
s i on , LEP wi l l a t ta in abou t 6 0 GeV 
per beam) , and a t h i r d , cha i red by 
J o h n M u l v e y , t o examine the 
under ly ing phys ics issues. 

Of the t w o ma jo r mach ine ideas , 
th ink ing on the so-ca l led Large 
Hadron Col l ider (LHC) in t he LEP 
tunne l is m o r e a d v a n c e d (see, f o r 
examp le , J u l y / A u g u s t 1 9 8 6 issue, 
page 5 ) , as it w o u l d benef i t na tu 
rally f r o m the superb chain o f ha 
d r o n mach ines a l ready at w o r k at 
CERN, and f r o m the LEP t unne l , 
n o w a l m o s t c o m p l e t e . In add i t i on 
it o f fe rs the poss ib i l i t y o f e l ec t r on -
p r o t o n co l l i s ions. W i t h the goa l o f 
h igh luminos i t y (part ic le co l l i s ion 
ra te) , LHC op in ion f a v o u r s a p r o 
t o n - p r o t o n o p t i o n rather t han p r o 
t o n - a n t i p r o t o n . A s s u m i n g t he nec
essary supe rconduc t i ng m a g n e t s 
can be d e v e l o p e d , LHC w o u l d p r o 
v ide b e a m s a round 8 T e V . 

The 1 T e V e lec t ron -pos i t r on c o l 
l ider is fu r ther a w a y in the sense 
tha t a d e t e r m i n e d research and 
d e v e l o p m e n t p r o g r a m m e is needed 
f o r the t e c h n o l o g y t o ge t the idea 
o f f the g r o u n d . 

T h e long range phys i cs subpane l 
se t up w o r k i n g g r o u p s t o a t t ack 
spec ia l t o p i c s , and f i nd ings w e r e 
a i red at a recent w o r k s h o p at La 
Thui le in the A l p s , w i t h s u m m a r y 

s e s s i o n s at CERN. 
Part ic le phys i c i s t s have a l w a y s 

l o v e d t o peer in to the i r c rys ta l bal ls 
and fo re te l l w h a t m igh t happen 
w i t h f u tu re m a c h i n e s , bu t t hese 
la tes t s e s s i o n s had the unusual 
s lant o f m a k i n g d i rec t c o m p a r i s o n s 
o f t he th ree d i f fe ren t co l l id ing b e a m 
scena r i os o f f e r e d by the long t e r m 
o p t i o n s — p r o t o n - p r o t o n , e l ec t r on -
p r o t o n and e l e c t r o n - p o s i t r o n . 

For each o f t hese scenar ios t he 
phys i cs p r e o c c u p a t i o n s inc lude 
add i t i ons t o t he p resen t ' S t a n d a r d 
M o d e l ' , n o t a b l y t he con t i nu ing 
q u e s t f o r t he e lus ive 'H iggs m e 
c h a n i s m ' respons ib le f o r t he d i f fer 
en t ranges o f t he e l ec t r omagne t i c 
and w e a k nuc lear f o r c e s , and a 
search f o r add i t iona l l ep tons and 
q u a r k s , heav ier t han t h o s e cu r ren t 
ly k n o w n . 

Go ing b e y o n d the S tanda rd M o d 
e l , t he re are m a n y ideas on the 
m a r k e t w i t h cons ide rab le in tu i t ive 
appea l bu t as y e t no expe r imen ta l 
ev idence t o back t h e m up — super -
s y m m e t r y , supe rs t r i ngs , e t c . , as 
we l l as a search f o r s t ruc tu re ins ide 
the s o far ind iv is ib le l ep tons and 
q u a r k s . The re is no sho r t age o f 
n e w phys i cs t o p r o b e or ideas t o 
t e s t . 

T h e w o r k i n g g r o u p s ' pro l i f ic o u t 
pu t re f lec ts b o t h the h igh deg ree 
o f c o n f i d e n c e and ski l l in t he under 
ly ing t heo r i es and the w i d e expe r i 
ence ga ined f r o m w o r k at ex is t ing 
co l l id ing b e a m mach ines . It s h o w s 
the th ree co l l id ing b e a m avenues 
t o be h igh ly c o m p l e m e n t a r y , w i t h 
each s c o r i n g m a r k s f o r d i f fe ren t 
phys i cs o b j e c t i v e s . 

W i t h the i r con t inua l search f o r 
rarer and rarer p r o c e s s e s , p h y s i 
c i s t s are eve r -hung ry f o r r a w c o l 
l i s ions , d r i v ing the mach ine d e s i g n 
ers t o p u s h f o r m o r e in tense 
b e a m s and h igher l um inos i t y leve ls . 
Th i s cha l lenge is be ing b rave ly 
t a k e n u p , s o t ha t o n paper LHC 
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Ugo Amaldi — underlining the 
complementarity of different collision 
options. 

cou ld inch t o w a r d s 1 0 3 4 c m - 2 s _ 1 . 
The re are c lass ic e x a m p l e s o f 

n e w mach ines f i nd ing t h a t t he t h e 
o r i s t s w e r e r ight — the d i s c o v e r y 
o f t he a n t i p r o t o n at t he Berke ley 
B e v a t r o n in 1 9 5 6 and the s igh t ing 
o f t he W and Z carr iers o f t he 
w e a k f o r c e at t he CERN Col l ider 
in 1 9 8 3 . Summar i z i ng the phys i cs 

f i nd i ngs , U g o A m a l d i w a r n e d t ha t 
t hese l andmark d i scove r i es are 
rare. H o w e v e r th is is no reason, 
n o t t o bui ld n e w mach ines and 
reveal ou r i gnorance . 

A m a l d i de f t l y under l ined the 
c o m p l e m e n t a r i t y o f t he p r o t o n -
p r o t o n , e l e c t r o n - p r o t o n and e lec
t r o n - p o s i t r o n co l l id ing b e a m o p 
t i o n s , and p o i n t e d ou t t he d e t e c t o r 
i nnova t i ons n e e d e d t o c o p e w i t h 
t he n e w phys i cs . For e x a m p l e da ta 
acqu is i t ion at the a d v o c a t e d ener
g ies and co l l is ion ra tes p o s e s c o n 
s iderab le techno log i ca l (and f i nan 
cial) p r o b l e m s us ing p r e s e n t - d a y 
so lu t i ons . 

A t h e m e cont inua l l y s t r e s s e d 
t h r o u g h o u t the sess ions w a s c o n 
t i nued research and d e v e l o p m e n t 
— t o p r o d u c e the s u p e r c o n d u c t i n g 
m a g n e t s f o r LHC, t o p rov i de the 
p o w e r f o r the 12 .5 k i l ome t re l inacs 
o f the 1 T e V e l e c t r o n - p o s i t r o n c o l 
l ider, t o per fec t t he necessa ry de 
t ec t i on and da ta hand l ing t e c h 
n iques , e tc . 

Th is w a s h a m m e r e d h o m e by 
Car lo Rubbia in his conc lud ing re
m a r k s , w h o re i te ra ted the in te r im 

r e c o m m e n d a t i o n s o f the L o n g 
Range Planning C o m m i t t e e f o r a 
v i g o r o u s European research and 
d e v e l o p m e n t p r o g r a m m e . T h e 
t i m e has c o m e t o ge t our hands 
d i r t y , ' he s t a t e d . 

One o f the i t ems agreed by t he 
CERN Counci l dur ing the cou rse o f 
i ts D e c e m b e r m e e t i n g w a s a n e w 
p r o g r a m m e f i nanced by the Ital ian 
g o v e r n m e n t t o d e v e l o p n e w t e c h 
no log ies f o r d e t e c t o r s t o s t u d y the 
phys i cs e m e r g i n g f r o m fu tu re large 
hadron co l l iders . A m o u n t i n g t o 
s o m e 3 7 mi l l ion S w i s s f r ancs o v e r 
f i ve y e a r s , the p r o g r a m m e is o p e n 
t o the ent i re phys i cs c o m m u n i t y 
and is c o m p l e t e l y s e l f s u p p o r t i n g . 
A n t o n i n o Z ich ich i w i l l be Pro ject 
Leader . T h e i n t r oduc t i on o f a d d i 
t iona l p r o g r a m m e s f i nanced by 
one o r m o r e M e m b e r S ta tes o u t 
s ide the no rma l CERN b u d g e t is 
no t n e w . The b ig BEBC bubb le 
c h a m b e r , w h i c h c a m e in to ac t i on 
in 1 9 7 3 and i nvo l ved t he des ign 
and c o n s t r u c t i o n o f t he w o r l d ' s 
largest s u p e r c o n d u c t i n g m a g n e t , 
w a s f i nanced by France and Ger
m a n y . 

Around the Laboratories 

CERN 
Cast your ion 
first results 

CERN's 4 5 0 GeV Super ' P r o t o n ' 
S y n c h r o t r o n (SPS) f i n i shed 1 9 8 6 
w i t h severa l w e e k s supp l y i ng 
b e a m s o f o x y g e n ions (f i rst at 
2 0 0 G e V / n u c l e o n , later at 6 0 GeV) 
C o m i n g af ter a ve r y s m o o t h c o m 
miss ion ing run w i t h o x y g e n ions 
in S e p t e m b e r (see O c t o b e r 1 9 8 6 

issue, page 3 7 ) w h i c h gave severa l 
e x p e r i m e n t s a f o r e t a s t e o f nuc lear 
b e a m s , th is un ique research p r o 
g r a m m e is a l ready p rov i d i ng t a n 
ta l iz ing h ints o f in te res t ing behav 
iour. 

The u l t imate goa l is t o f i nd the 
l o n g - a w a i t e d qua rk -g luon p l a s m a , 
w h e n qua rks and g luons b e c o m e 
' h o t ' e n o u g h t o break loose f r o m 
thei r nuc léon ' b a g s ' . 

L ined up t o rece ive these o x y g e n 
ion b e a m s are a n u m b e r o f expe r 
i m e n t s , m u c h o f w h o s e e q u i p m e n t 

has been recyc led or c o n v e r t e d 
f r o m o the r s tud ies (see D e c e m b e r 
1 9 8 5 issue, page 4 2 8 ) , c o m 
p l e m e n t e d by seven i nves t i ga t i ons 
us ing nuclear emu ls i ons a n d / o r 
p last ic d e t e c t o r s . 

T o g e t h e r , t hese d e t e c t o r s 
s h o w e d the i r remarkab le abi l i ty t o 
c o p e w i t h the large n u m b e r s o f 
s e c o n d a r y par t ic les re leased — up 
t o severa l hund red per co l l i s ion . 
Initial resu l ts s u g g e s t t ha t the ta r 
ge t nuclei d o n o t a l w a y s break u p , 
and the o x y g e n ion pro jec t i les are 
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From the specialist in high-density 
fast-NIM instrumentation 
FTA810 
Octal Fast Amplifier 
• <1 ns risetime 
• - 5 V output into 50 Q 
• < 20 uV equiv input noise 
• gain up to 200 

CO 4010 
Quad 4-fold Logic Unit 
• Coin/anticoin/off settings 
• overlap and updating outputs 
• fast-NIM and TTL outputs 
• LED indicator 
• gate input 

DV 8000 
Octal Variable Logic Delay 
• adjustable delay 10-50 ns 
• 15 ns pulsu-pair resolution 
• 3 outputs/channel 
• fast-NIM logic signals 
• < 10 ps/°C drift 

RD 2000 
Dual Rate Divider 
• Dividing from 1000:1 to 1:1 
• 40 MHz maximum rate 
• propagation delay independent 

of ratio 
• inhibit input 
• 6 outputs/channel 
• fast-NIM logic signals 

For more information: 

J ^ E G z G O R T E C / E S N 

Hohenlindener StraBe 12 • D-8000 Munchen 80 
Telefon 0 89/9 26 92-0 • Telex 5 28 257 
(Distributed by EG + G Ortec representatives worldwide) 

MOTEURS 
PAS-À-PAS 

S T A N D A R D 

RÉSISTANT A U X R A D I A T I O N S 

T R A V A I L EN MILIEU SOUS-V IDE ( 1 0 - n T O R R ) 

TEMPÉRATURE A M B I A N T E DE 10 K - 5 0 0 K 

ET LEURS C A R T E S DE PUISSANCE O U M Ê M E 

L A C O M M A N D E COMPLÈTE A V E C LES 

INTERFACES R S - 2 3 2 O U IEEE-488 

EN OPTION. 

V O U S PASSEZ LE PROBLEME -

NOUS OFFRONS L A S O L U T I O N 

PHYTRON 
ELEKTRONIK G M B H 

INDUSTRIESTR. 14 
D-8038 GRÔBENZELL 
TEL.: 08142 -51021 
TELEX:5270134 

REPRESENTANT SUISSE 
A X I N G AG 

BAHNHOFSTR. 55 A 
CH-8262 RAMSEN 
TEL.: 054 -431679 
TELEX: 897 166 

N E U B E R G E R G A R A N T I T 

L A P R É C I S I O N 

M e i l l e u r e q u a l i t é 

M e i l l e u r e f i ab i l i t é 

Indicateur LS avec entrées 
analogiques servant à la mesu
re de tension et courant (en 
continu, en alternatif-sinus et 
efficace vrai) de température 
par sonde Pt 100 et par ther
mocouples (compensation de 
soudure froide incluse). 

C a r a c t é r i s t i q u e s t e c h n i q u e s 

• Format plat 144 x 48 mm 
• Horizontal ou vertical 
• Echelle noire ou blanche 
• Deux entrées séparées 

galvaniquement 
• Précision classe 1 
• Sortie initiateur ou relais 
• Réglage des points de con

signe, soit par boutons soit 
électroniques 

• Alimentation 12, 24, 110, 
220 V / 47.. 400 Hz, 24 V 
continu 

M E G A M E T R O S A 

Gentianes 24 Tél. (039) 23 54 65 
CH-2300 La Chaux-de-Fonds Télex 952 263 
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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 "CERN 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 Gy 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 a 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. 

ISOLA 
We also obtained excellent results with our Lami
nates Epoxy Glass Cloth VETRONITE G-10 and 
VETRONITE G-ll 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 y ^ j j ^ Q j s { j j £ Q.^Q a r e 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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Intriguing preliminary results from the 

HELIOS experiment at CERN show the much 

larger amounts of transverse momentum 

produced by oxygen ions than by protons. 

102 

Preliminary Transverse Energy Distribution 
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H o w e v e r a d e v e l o p m e n t o f th is 

c h a m b e r at CERN l o o k s l ike p r o 

v id ing a p o w e r f u l n e w i ns t r umen t 

capab le o f p r o b i n g d i s tances 

hund reds o f t i m e s smal ler . It is 

used f o r s t u d y i n g the c rys ta l s t r uc 

tu re o f c o m p l e x a n d / o r rap id ly 

evo l v i ng s t r u c t u r e s , such as or 

ganic mo lecu les , us ing in tense X -

ray s o u r c e s . 

Ion izat ion e lec t rons p r o d u c e d in 

a gas by the passage o f cha rged 

par t ic les dr i f t and d i f fuse under an 

e lect r ic f i e ld . If t he initial i n te rac t ion 

t i m e is k n o w n , measur ing t he de lay 

o f t he d r i f t ed e lec t rons ar r iv ing at 

the a n o d e s g i ves the d is tance t he 

X-ray diffraction picture of a protein crystal 
recorded using the spherical drift chamber 
developed at CERN. The closeness of the 
spots follows from the large crystal cell 
size — 230 angstroms (23 nanometres). 
A development of this chamber could open 
up a way for studying the structure of 
viruses. 

a b s o r b e d at an u n e x p e c t e d l y h igh 

rate. Even at the h igher ene rg ies , 

there is lo ts o f ' s t o p p i n g p o w e r ' 

— the ions d o no t pass easi ly 

t h r o u g h the nucle i . T h e resu l tan t 

' hea t i ng ' o f the t a r g e t nuclei is 

d e m o n s t r a t e d by the large a m o u n t 

o f energy re leased s i d e w a y s 

t h r o u g h ' e v a p o r a t i o n ' . 

T h e ion researchers are eager ly 

l ook ing f o r w a r d t o the i r nex t r un , 

schedu led f o r S e p t e m b e r - O c t o b e r . 

Crystal clear 

T h e so-ca l led 'd r i f t c h a m b e r ' is 

a l ready w i d e l y used in par t ic le 

phys i cs e x p e r i m e n t s f o r local iz ing 

in te rac t ion s igna ls . A c c u r a t e t o a 

f e w tens o f m i c r o n s , i ts a d v a n 

t a g e s a lso inc lude h igh c o u n t i n g 

ra tes and g o o d ene rgy reso lu t i on . 
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KFULGORCAV/ 
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 

_donot exljajejoxic, opaque and corrosive gases 

— 

NUQVA FULGORCAVI s.p.a. 
> Via del Crocitlsso, W 
041O0 Latinsf-Italy 
Tlx 680886/7 NUFVLG I 

FULGORFLAM CABLES: 
THE NUOVA FULGORCAVI'S 

ANSWER TO THOSE WHO ARE 
AWARE OF FIRE EFFECTS IN 

BOTH LOW AND HIGH 
VOLTAGE CONNECTIONS 

FULGORmm: 
FIRE RETARDANT CABLES 

WITH LIMITED GENERA TION OF TOXIC 
OPAQUE AND CORROSIVE GASES 



LEP progress 

As tunnelling work for the 27 kilometre 
ring of CERN's LEP electron-positron collider 
nears completion, installation in the 
completed sections of the tunnel gathers 
momentum. The photograph shows 
infrastructure being readied in a klystron 
tunnel. 

(Photo R. Lewis) 

^ i o n i z a t i o n has t rave l led and enab les 
the init ial i n te rac t ion t o be loca l 
ized. Th i s is t he bas is o f the dr i f t 
c h a m b e r t echn ique . 

It is s e l d o m poss ib le t o use th is 
dr i f t t i m e m e a s u r e m e n t w h e n loca l 
izing X - r a y s because the X - r a y 
e m i s s i o n t i m e is genera l ly u n 
k n o w n . H o w e v e r the p rope r t i es 
o f e lec t rons d r i f t i ng in a gas have 
subs tan t ia l l y inc reased the p rec i 
s ion o f X - r a y images . 

S ince the i r d i s c o v e r y , mu l t iw i r e 
c h a m b e r s have been used t o loca l 
ize X - r a y s . T o ensure sa t i s f ac to r y 
p e r f o r m a n c e t h e y m u s t be ope r 
a ted w i t h p ressur ized x e n o n . Pre
c is ion is l im i ted by the d i s tance 
b e t w e e n the a n o d e w i r e s and p a 
rallax caused by the t h i ckness o f 
the c h a m b e r . One o f the ma in ap 
p l i ca t ions o f th is techn ique is t he 
s t u d y o f g iant o rgan ic mo lecu la r 
s t ruc tu res such as p ro te ins by 
measu r i ng the in tens i ty o f t he 
d i f f rac t i on s p o t s p r o d u c e d by the i r 
c r ys ta l s . 

T h e ma in d e f e c t s o f w i r e c h a m 
bers have been e l im ina ted by c o u 
p l ing a spher ica l dr i f t c h a m b e r t o 
a w i r e c h a m b e r . A 15 c m dr i f t 
space is enc l osed by a spher ica l 
en t r y s e g m e n t m a d e o f bery l l ium 
and a spher ica l g r i d , b o t h cen t red 
on the c rys ta l t o be s t ud i ed . T h e 
e lectr ic f ie ld is rad ia l , w i t h t he c r y s 
tal at i ts cen t re , s o tha t there is 
no paral lax e f fec t . The e lec t rons 
f r eed by the X - r a y s leave the dr i f t 
space and are local ized in a w i r e 
c h a m b e r . T h e long dr i f t d i s tance 
causes the c l oud o f e lec t rons t o 
d i f fuse and sp read ove r a w i d t h 
g rea te r t han the d is tance b e t w e e n 
the a n o d e w i r e s , so tha t i n te rpo la -

At the end of January, the last tunnelling 
machine at work for the LEP ring at CERN 
made its final breakthrough. Only a few 
hundred metres of the 26.7 kilometer ring 
now remain to be cut by careful excavation 
in the limestone under the Jura mountains. 
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t i on m e t h o d s a l l o w c o n t i n u o u s and 
m o r e accura te local izat ion than the 
d is tance b e t w e e n the w i r e s . 

T h e g r o u p o f Georges Charpak 
and Fabio Sauli at CERN, w o r k i n g 
in c lose assoc ia t i on w i t h a g r o u p 
f r o m the LURE E lec t romagne t i c 
Radiat ion L a b o r a t o r y in Orsay , has 
d e v e l o p e d a c h a m b e r o f th is t y p e 
and d e m o n s t r a t e d i ts cu r ren t l y 
unr iva l led capac i t y f o r s t u d y i n g 
p ro te in c rys ta l s . 

Data can be co l l ec ted at a rate 
o f 3 x 1 0 5 per s e c o n d and w i t h i n 
a f e w w e e k s resu l ts can be o b 
ta ined w h i c h w o u l d t a k e o v e r a 
year by conven t i ona l p h o t o g r a p h i c 
m e t h o d s . A t CERN R. Boucl ier , G. 
Mi l l ion and J . C. Sant ia rd have 
d e v e l o p e d p r o d u c t i o n t echn iques 
f o r t hese c h a m b e r s . 

Georges Charpak be l ieves tha t 
by con t inu ing m o d e r a t e research 
e f f o r t s in th is f ie ld and by m a k i n g 
the m o s t o f n e w d e v e l o p m e n t s in 
w i r e c h a m b e r s , it shou ld be p o s 
sible t o d e v e l o p t echn iques f o r 
easi ly i nves t iga t ing the s t ruc tu re 
o f v i ruses . T h e c o v e r o f our De
c e m b e r issue gave a s t r i k ing e x a m 
ple o f resu l ts ach ieved by th is t e c h 
n ique. 

Latest muon results 
The t w o big e x p e r i m e n t s bui l t t o 
exp lo i t CERN's h igh ene rgy m u o n 
b e a m s f r o m 1 9 7 8 s t o p p e d t a k i n g 
da ta in A u g u s t 1 9 8 5 , bu t m o r e 
high qua l i ty resu l ts have recent ly 
e m e r g e d f r o m analys is o f t he huge 
a m o u n t s o f da ta a c c u m u l a t e d dur-

A compilation of recent measurements of 
nuclear effects in the quark structure of 
nucieons using electron beams at Stanford 
(SLAC) and muons at CERN (BCDMS and 
EMC). Results above (a) are for heavy 
targets (iron and copper) while those below 
(b) are for light targets (carbon and 
nitrogen). If there were no nuclear effects, 
quark structure measurements (F2 structure 
function) would be the same for all nuclei. 

ing the f inal yea rs o f runn ing . 
The Bo logna / CERN / Dubna / 

Mun i ch /Sac lay co l l abo ra t i on 
(BCDMS - N A 4 exper imen t ) re
cen t l y c o m p l e t e d the ana lys is o f 
the quark s t ruc tu re o f t he nuc léon 
( F 2 s t ruc tu re func t ion ) m e a s u r e d 
us ing a ca rbon t a rge t in the 5 0 m 
to ro ida l i ron s p e c t r o m e t e r . 

The m e a s u r e d quark d i s t r i bu t i on 
l ooks ve r y m u c h i ndependen t o f 
m o m e n t u m t rans fe r (Q 2 ) at f i xed 
va lues o f the 'sca l ing var iab le ' x , 
(the f r ac t i on o f nuc léon m o m e n t u m 
carr ied by the s t ruck quark ) . 

Th is s h o w s t ha t the in te rac t ion 

p robab i l i t y o f the (virtual) p h o t o n 
(carry ing the e l ec t r omagne t i c f o r c e 
b e t w e e n the i n c o m i n g m u o n and 
the ta rge t quark deep ins ide the 
nucléon) d o e s no t d e p e n d ve r y 
m u c h on i ts w a v e l e n g t h . 

Th is behav iour ( k n o w n as ' sca l 
ing ' ) w a s f i rs t seen in 1 9 6 8 us ing 
the e lec t ron b e a m s f r o m the b ig 
S t a n f o r d l inac and s h o w e d tha t 
the qua rks h idden deep inside 
nuc léons are po in t l i ke . 

It is one th ing t o k n o w tha t n u 
c léons con ta in po in t l i ke q u a r k s , 
bu t qu i te ano the r t o a c c o u n t f o r 
the q u a r k s ' de ta i led behav iour . 
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• BCDMS (Stat. + Syst. Errors) 
—- A=1Q0MeV QCD Prediction 
•- A-220MeV 
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The kinematic dependence of the quark 
structure of nucleons (F2 structure function) 
as measured by the BCDMS experiment at 
CERN. This 'scaling violation' is described 
by the underlying theory, and enables the 
quantum chromodynamics (QCD) mass 
scale parameter to be determined. 

The quantum chromodynamics 
(QCD) picture of quark interactions 
predicts that scaling is only ap
proximate, and the observed devia
tions from scaling provide an im
portant test of the theory. 

This is one of the few areas 
where confident QCD calculations 
confront high statistics data. Using 
the latest results from the high 
energy muon beam studies at 
CERN, the agreement is very good, 
boding well for the new theory. 
More such results are expected 
soon from similar measurements 
using hydrogen and deuterium 
targets. 

Another major physics result to 
emerge from these experiments 
was the so-called 'EMC Effect' — 
the quark structure of nucleons 
depends on the surrounding 
nuclear environment. 

The initial 1983 findings by the 
European Muon Collaboration 

(EMC) at CERN showed that the 
quark content of bound nucleons 
in iron differs from quasi-free nu
cleons in deuterium. This was sub
sequently underlined by data from 
Stanford using high energy elec
trons, and from the BCDMS colla
boration. 

This discovery set the theoreti
cians thinking (see the excellent 
article by Richard Roberts in the 
September 1985 issue, page 270), 
and, together with the search for 
the quark/gluon plasma, was the 
starting point for a whole series 
of experiments which might be 
described as high energy nuclear 
physics. 

The original EMC data were ob
tained from separate measure
ments of the absolute values of 
nucleon structure parameters with 
iron and deuterium targets, taken 
under different experimental con
ditions (beam energy, intensity, 
target length, etc.) and at different 
times. As a result the systematic 
errors were rather large. Other 
(normalization) effects could also 
have caused inaccuracies. 

Comparing the behaviour seen 
by EMC and by the BCDMS experi
ment and the electron data from 
Stanford, there was broad agree
ment across the range of kinema-
tical conditions studied, except 
where x is small. The original EMC 
data showed the ratio of the nu
cleon quark structures (structure 
functions) rising as x got smaller, 
while the other data showed the 
ratio falling. 

To clarify the situation and de
crease the intrinsic measurement 
errors, both muon experiments at 
CERN took new data. The EMC 
experiment used nuclear targets 
with similar geometries and inter
changed them every few hours to 
average out time dependent 
effects. 

The target vessels in the 40 m 
magnetized iron solenoid of the 
BCDMS experiment were filled with 

' liquid deuterium for the latest data 
run. External targets in front of the 
magnet extended the kinematical 
range of the collected data. For 
part of the run, the first of the ex
ternal targets was replaced by 
an iron target. 

After the necessary corrections, 
the new EMC data shows the ratio 
of structure functions turning over 
as x decreases. 

The latest BCDMS measure
ments now provide precise infor
mation in the interesting region of 
small x, although the range is not 
wide enough to confirm the turnov
er seen by EMC. Heavy target re
sults (iron and copper) are slightly 
different to the low Q 2 Stanford 
data. 

Thus one of the more puzzling 
aspects of the original EMC find
ings has largely evaporated, but 
the basic message remains un
changed — the quark structure of 
nucleons depends strongly on the 
surrounding nuclear environment. 

The observed behaviour may 
now turn out to be easier to ex
plain in terms of conventional 
quark physics. 

However it seems unlikely that 
such models can explain the EMC 
Effect entirely. For example some 
approaches use as a parameter 
the nuclear separation energy, 
which saturates when nuclear 
masses reach about 50. This im
plies that the effect should be the 
same for these heavier nuclei, in 
contrast to the Stanford measure
ments. Thus more exotic explana
tions may still be required to pro
vide the full story. As one high 
energy nuclear physicist remarked 
'it was the EMC Effect which got 
us thinking about the role of quarks 
in nuclei'. 
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End-on view of the Bari/Max Planck Institute 
Munich calorimeter, now in use in its third 
experiment at the CERN SPS Super Proton 
Synchrotron. When it came into operation 
in 1978, it was one of the first detectors 
to cover a large solid angle and intercept 
as many of the produced particles as 
possible. 

(Photo CERN 40.5.79) 

Many rods make 
light work 
Cont inu ing a d i s t i ngu ished career 
at the 4 5 0 GeV Super P ro ton 
S y n c h r o t r o n is t he b ig ca lo r ime te r 
bui l t b y Bari and the M a x Planck 
Ins t i tu te , M u n i c h , n o w in the N A 3 5 
s t reamer c h a m b e r - b a s e d expe r i 
m e n t l ook ing at the co l l i s ions o f 
h igh ene rgy nuclear b e a m s w i t h 
nuclei and p rev ious ly used in a 
ser ies o f l andmark SPS expe r i 
m e n t s . 

W h e n it c a m e in to ac t i on in 
1 9 7 8 it w a s one o f t he f i rs t d e t e c 
t o r s capab le o f p i ck ing up the ener
gy re leased in all d i rec t i ons w h e n 
a high ene rgy b e a m s l a m m e d in to 
a ta rge t . A m o n g the t echn iques 
used are p last ic sc in t i l la tors t o p ick 
up the ene rgy o f p r o d u c e d p h o t o n s 
and had rons . T h e sc in t i l la tor l ight 
is co l l ec ted in acry l ic r o d s , s o t ha t 
t he o u t p u t f r o m m a n y sc in t i l la to rs 
can be funne l led in to a s ingle p h o -
tomu l t ip l ie r . A n ingen ious s y s t e m 
o f c o l o u r - d o p e d l ight gu ides g i ves 
the s igna ls f r o m the p h o t o n and 
had ron pa r t s o f t he ca lo r ime te r a 
charac ter is t i c co lou r , f e d a long a 
s ingle r o d bu t p i c ked up by s e p a 
rate pho tomu l t i p l i e r s a f ter d i s c r i m 
inat ion by l ight f i l te rs . 

The f i r s t t e a m t o use the ca lo r i 
me te r w a s the Bari / C r a c o w / 
L i ve rpoo l / M u n i c h (MPI) / N i j m e g -
en co l l abo ra t i on ( N A 5 expe r imen t ) 
l ook ing at the de ta i led d i s t r i bu t i on 
o f the ene rgy re leased in had ron 
reac t ions under SPS c o n d i t i o n s , 
and f o r t he f i rs t t i m e o v e r a large 
so l id ang le , i n te rcep t ing as m a n y 
o f the p r o d u c e d par t ic les as p o s 
s ib le. 

A f t e r se t t i ng the ca lo r ime te r t o 
se lect even t s w i t h a h igh p r o p o r 
t i on o f ene rgy re leased s i d e w a y s , 
the expe r imen t f o u n d th is ene rgy 
t o resul t f r o m large n u m b e r s o f 

s e c o n d a r y par t i c les , each ca r ry ing 
a re lat ive ly l o w t r ansve rse energy . 
Simi lar behav iour w a s seen s u b 
sequen t l y by s tud ies at h igher c o l 
l is ion energ ies at the In te rsec t ing 
S to rage Rings, at the p r o t o n - a n t i -
p r o t o n Col l ider , and at t he SPS 
us ing nuclear b e a m s , w h e r e p r o -
l i f ically p r o d u c e d s e c o n d a r y pa r t i 
c les (high mul t ip l ic i ty ) resul t in large 
a m o u n t s o f t r ansve rse energy . 

A t the t i m e , phys i c i s t s w e r e 
eager ly search ing f o r we l l - de f i ned 
' j e t s ' o f p r o d u c e d had rons ca r ry ing 
high t r ansve rse ene rgy , ind icat ive 
o f v io len t quark in te rac t ions d e e p 
inside the ta rge t nuc léons . T h e s e 
w e r e no t easy t o s p o t under SPS 
cond i t i ons . J e t searches at the 
higher co l l is ion energ ies avai lable 
at the In te rsec t ing S to rage Rings 
and subsequen t l y at t he p r o t o n -
a n t i p r o t o n Col l ider w e r e h ighly 
success fu l . 

W i t h i ts w o r k d o n e f o r N A 5 , t he 
ca lo r ime te r w a s t r ans fe r red t o a 
n e w s t u d y by a Bari / Fre iburg / 
M o s c o w (ITEP) / M u n i c h (MPI) 
t e a m ( N A 2 4 expe r imen t ) l ook ing 
at the s ing le p h o t o n s re leased 
t h r o u g h the e l ec t r omagne t i c in ter
ac t i ons o f qua rks . 

A l t h o u g h the sepa ra t i on o f t hese 
rare s ing le p h o t o n s f r o m the large 
b a c k g r o u n d (due t o neut ra l p ion 
decay) is d i f f icu l t , the in te rac t ion 
is a par t icu lar ly c lean one t o f o l l o w 
in t e r m s o f the under l y ing t h e o r y 
and g i ves a va luab le check on our 
unde rs tand ing o f quark d y n a m i c s . 
T h e resu l ts s h o w tha t t he t h e o r y 
is in g o o d shape . 

W i t h t he nuclear b e a m p r o 
g r a m m e at CERN po i sed t o p r o v i d e 
in te res t ing resu l ts (see page 4 ) , 
t he Ba r i /MPI M u n i c h ca lo r ime te r 
con t i nues t o pay g o o d research 
d i v i dends . 
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Innovative Materials 
for Current and 
Future Technologies. 

Modern high-field superconductors - materials for the future 

Technology demands modern materials with a high perfor
mance, a constant high quality level and readily available 
at market conditions. These are produced by Vacuum-

schmelze on the basis of metals, for instance permanent 
magnet alloys, superconductors and amorphous metals to 
name only a few. 

Both engineers and consumers benefit; existing products 
can be improved and new ones invented. Our high-field 
superconductor VACRYFLUX® stands for innovation: 
it produces the homogeneous magnetic fields for MR/, 
magnetic resonance imaging techniques. Examinations in 
the Tomograph are free of X-rays, the diagnosis is more 

precise and more comprehensive. 

VAC®— Materials Ensure Progress 

VACUUMSCHMELZE GMBH 
Griiner Weg 37, D-6450 Hanau 1 • Telephone: (061 81) 362-1 • Telefax: (061 81) 362 645 Telex: 4 184863 
Rhenaniastr.9/17, D-1000 Berlin 20 Tel.: (030) 3320051 • Telefax: (030) 3320051 Ext.04 Tx.:182815 

vex. 
V A C U U M S C H M E L Z E 
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pour tous vos problèmes de radioprotection 

Radi t r o l e 

Société d'Etudes et Protection Nucléaire 
Des spécialistes pour votre sécurité  

Assistance technique en radioprotection 
Mesures nucléaires a, p , y 
Formation du personnel à la radioprotection 
Etudes de tout problème de sécurité radiologique 
Interventions - Décontaminations 
Démantèlements - Assainissements 
Contrôles d'installations - Mises en conformité 

Siège soc ia l : c los Sa in t -Mar t i n , 38950 S A I N T - M A R T I N - L E - V I N O U X FRANCE 
B u r e a u x : 44, route de Lyon, 38000 G R E N O B L E — Tél . : 76 47 12 33 FRANCE 

A G E N C E NORD - LA H A G U E 
BP 117 

50440 B E A U M O N T - H A G U E FRANCE 
T é l . : 33 52 68 15 

A G E N C E SUD 
1 1 , bis Faubou rg St J o s e p h 

26700 PIERRELATTE FRANCE 
Tél . : 75 96 31 38 

Shock-tested 
a t 1 6 g b y t h e 
S w i s s F e d e r a l M i n i s t r y o f 
C i v i l D e f e n c e 

Highly suitable for applications in : 
• Military and civil shelters 
• Tunnels and shafts 
• Installations in earthquake risk zones 
• EPM protection on request 

Axial f low fan 
Type VM, 315-
1250 mm dia. 
up to 
150,000 m 3 /h 
and up to 
150 mm WG 

Freigutstrasse 40 , CH-8002 Zurich 

Telephone 01 / 2 0 2 45 75 , Telex 816 093 

Advertisements in CERN COURIER 
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COSMIC RAYS 
New Soviet 
installation 

W i t h advances in par t ic le phys i cs 
highly d e p e n d e n t on input f r o m 
s tud ies at energ ies b e y o n d t h o s e 
cur ren t ly a t ta inab le w i t h l abo ra to r y 
mach ines , the e x t r e m e ene rgy 
c lues p r o v i d e d by c o s m i c ray in 
ves t i ga t i ons con t i nue t o p r o v i d e 
usefu l po in te rs . 

A N I (Russian a c r o n y m f o r near-
g r o u n d hadron inves t iga t ion ) w i l l 
be an impress i ve expe r imen ta l 
c o m p l e x f o r s t udy i ng the in te rac
t i ons o f c o s m i c ray par t i c les and 
nuclei w i t h p r imary energ ies be 
t w e e n 1 0 3 and 1 0 6 T e V (1 T e V = 
1 0 0 0 GeV) . It is under c o n s t r u c t i o n 
by the Ye revan Phys ics Ins t i tu te 
t o g e t h e r w i t h the L e b e d e v Phys ics 
Ins t i tu te ( M o s c o w ) at t he A r a g a t s 
h igh a l t i tude ( 3 2 5 0 me t res ) s t a t i on 
6 5 k m n o r t h - w e s t o f Y e r e v a n in 
Sov ie t A r m e n i a . 

The upper ene rgy l imi t is g o v 
e rned by the ab rup t l y fa l l ing ene rgy 
s p e c t r u m o f p r imary c o s m i c rays 
and the feas ib le size o f te r res t r ia l 
d e t e c t o r s . Sa te l l i te -borne d e t e c t o r s 
p rov ide ano the r research w i n d o w 
bu t thei r size is even m o r e re
s t r i c t ed . 

The a im o f the n e w d e t e c t o r is 
t o comp i l e as c o m p l e t e i n f o r m a t i o n 
as poss ib le on mul t ip le p r o d u c t i o n 
p rocesses ove r a w i d e ene rgy 
range us ing X - ray e m u l s i o n c h a m 
bers c o m b i n e d w i t h a 1 6 0 0 m 2 

ion izat ion ca lo r ime te r at t he cen t re 
o f the ins ta l la t ion , c o m p l e m e n t e d 
by a large array o f i n s t r u m e n t a t i o n 

Sketch of the ground and underground 
portions of the central part of ANI. MS 
stands for magnetic spectrometer, S for 
scintillators, DM for muon pair-meter, SC 
for spark chambers and WSC for wide-gap 
spark chambers. 

Layout of the ground and underground 
detectors at the 'ANI' high altitude 
installation now under construction in Soviet 
Armenia. Dots represent scintillators, open 
squares show gas discharge hodoscopes, 
hatched areas ionization calorimetry, dashed 
areas underground muon laboratories, 
triangles Cherenkov detectors and solid 
ovals computers with their communications 
lines. 
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After an initial run in 1985 at a collision 
energy of 1.6 TeV (1600 GeV), the Fermilab 
Tevatron proton-antiproton collider began 
physics operation in January with 900 GeV 
proton and antiproton beams (1.8 TeV 
collision energy, the world's highest). 
Monitoring the results is the 4500 ton CDF 
Collider Detector at Fermilab, seen here in 
assembly position with the cylindrical central 
tracker and calorimeter arches clearly 
visible. Progress of the run will be covered 
in a forthcoming issue. 

(Photo Fermilab) 

sp read ove r hund reds o f m e t r e s 
t o de tec t p h o t o n s , e l e c t r o n s , ha 
d r o n s and m u o n s . 

A l l c lus ters o f p h o t o n s and o f 
e lec t rons or had rons w i t h a t o t a l 
energy o f 1 0 3 T e V c o u l d be d e 
t e c t e d . High ene rgy m u o n s de r i v ing 
f r o m co l l is ions a b o v e 1 0 3 T e V 
cou ld be p i cked up t h r o u g h a m a g 
net ic s p e c t r o m e t e r , ' p a i r - m e t e r ' 
and sc int i l la t ion h o d o s c o p e s , t o 
ge ther w i t h s imu l t aneous i n f o r m a 
t i on f r o m the w h o l e a t m o s p h e r i c 
nuclear cascade . 

Th is w a y the b ig d e t e c t o r w i l l 
be able t o i n te rcep t a lo t o f in fo r 
m a t i o n . Data acqu is i t i on w i l l be 
c o m p u t e r c o n t r o l l e d , a l l o w i n g s p e 
cial cr i ter ia t o be app l ied in t he 
search f o r par t icu lar e v e n t s . T h e 
l ist o f phys i cs t o p i c s f o r sc ru t i ny 
w i t h A N I is long and i m p r e s s i v e , 
cove r i ng such areas as t he p r o d u c 
t i o n and decay o f heavy q u a r k s 
and the search f o r m o r e exo t i c 
c o s m i c ray p h e n o m e n a , as w e l l 
as par t ic le a s t r o n o m y . 

Cons t ruc t i on w o r k is w e l l under 
w a y , and excava t i on f o r t he under 
g r o u n d m u o n l a b o r a t o r y is c o m 
p le te . 

From E. Mamidjanyan 

International 
symposium 

Lates t in the ser ies o f b iennia l in 
te rna t iona l c o n f e r e n c e s o n c o s m i c 
ray in te rac t ions at supe rh igh ener
g ies w a s held in Bei j ing late last 
year . A s we l l as p r o v i d i n g a w e a l t h 
o f n e w d a t a , it m a d e f o r a carefu l 
examina t i on o f the ove r l ap be 
t w e e n c o s m i c ray resu l ts r e c o r d e d 
in emu ls ion c h a m b e r s and the ener
gy range access ib le in t he l abo ra 
t o r y us ing par t ic le b e a m s . 

T h e CERN p r o t o n - a n t i p r o t o n c o l 
l ider has ach ieved up t o 9 0 0 GeV 
col l is ion energ ies (equiva lent t o a 
4 x 1 0 1 4 e V b e a m h i t t ing a f i xed 
t a rge t ) , wh i l e the Fermi lab T e v a 
t r o n shou ld eventua l ly reach a b o u t 
1 0 1 5 eV . T h e main in te res t at t he 
Bei j ing mee t i ng cen t red o n the 
c o n s i s t e n c y (or o the rw i se ) o f c o s 
mic ray resu l ts and acce le ra to r 
d a t a , and specu la t ion on w h a t w i l l 
be seen b e y o n d p resen t l y avai lable 
acce le ra to r energ ies . 

Cosm ic ray da ta wi l l be the on l y 
sou rce o f input unt i l h igher ene rgy 
p ro jec ts such as the UNK (USSR) 
Col l ider , t he US S u p e r c o n d u c t i n g 
Superco l l ider (SSC), or CERN's LHC 
in the LEP tunne l c o m e t o f ru i t i on . 
A w a y f r o m the emu ls ion c h a m b e r 
sec to r , ex tens ive air s h o w e r 
m e a s u r e m e n t s us ing d e t e c t o r s 
such as the F ly 's Eye in U tah p r o 
v ide add i t iona l i n f o r m a t i o n . 

Resul ts f r o m the CERN Col l ider 
s h o w tha t the p r o d u c t i o n level o f 
' j e t s ' o f had rons car ry ing re la t ive ly 
l o w t ransve rse energ ies (above 
abou t 5 GeV) increases s ign i f i 
can t ly o v e r the scanned co l l is ion 
ene rgy range. Th is t r end has imp l i 
ca t i ons f o r the T e v a t r o n and 
b e y o n d , so tha t min i - je ts cou ld 
eventua l ly m a k e up qu i te a large 
f rac t i on o f the t o ta l par t ic le p r o 
d u c t i o n . 

C o s m i c ray resu l ts cer ta in ly 
s h o w cons i s tenc ies w i t h acce le ra 
t o r d a t a , such as the p r o m i n e n c e 
o f large t r ansve rse m o m e n t u m 

e v e n t s w i t h a mu l t i co re s t ruc tu re 
seen in b o t h m o u n t a i n emu ls i on 
c h a m b e r s tud ies and in ex tens i ve 
air s h o w e r m e a s u r e m e n t s . 

S ign i f i can t v io la t i on o f k i n e m a t i -
cal sca l ing behav iou r in mul t ip le 
par t ic le p r o d u c t i o n w a s n o t i c e d 
severa l yea rs a g o in emu ls ion 
c h a m b e r s tud ies . The Pamir and 
M t . Fuji co l l abo ra t i ons b o t h repo r t 
a s imi lar change in the mu l t ip l i c i t y 
ra te b e t w e e n 1 0 7 GeV and 
1 0 0 GeV . 

Big n e w s at t he mee t i ng w a s a 
n e w ' C e n t a u r o ' e v e n t , f o u n d in t he 
Pamir c h a m b e r o p e r a t e d by a J a 
p a n / U S S R co l l abo ra t i on . Even ts 
o f th i s t y p e , w h e r e m o s t o f t he 
i n c o m i n g ene rgy g o e s in to p r o d u c 
ing long- l i ved s e c o n d a r y had rons 
w i t h f e w o f t he neutra l p ions nor 
ma l ly seen in h igh ene rgy co l l i 
s i o n s , had been f o u n d p rev ious l y 
by t he Japan /B raz i l co l l abo ra t i on 
at M t . Chaca l taya in the A n d e s , 
bu t a care fu l search up t o 9 0 0 G e V 
co l l i s ion ene rgy at the CERN Co l 
l ider fa i led t o f i nd any th i ng . Cen-
t a u r o s , t h e n , are s o m e t h i n g n e w , 
b e y o n d the p resen t hor izon o f lab
o r a t o r y energ ies . A t the m e e t i n g , 
t he M t . Chaca l taya t e a m gave a 
s t a t u s repo r t o n the i r Cen tau ro 
s a m p l e . 

T h e o n g o i n g s t u d y o f c o s m i c 
ray p h e n o m e n a wi l l sure ly c o m p l e 
m e n t resu l ts f r o m fu tu re had ron 
co l l ider e x p e r i m e n t s . 

From D. Cline and S. Slavatinsky 
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Mounting a magnet in the proton injection 
tunnel for the HERA electron-proton collider 
now being built at the German DESY 
Laboratory in Hamburg. 

(Photo DESY) 

DESY 
The weak 
get stronger 

Physics at the PETRA e l e c t r o n -
pos i t r on s to rage r ing has f i n i s h e d , 
bu t the resu l ts o b t a i n e d in e igh t 
years o f da ta t a k i n g rema in as 
landmark c o n t r i b u t i o n s t o m o d e m 
phys i cs . 

The t e x t b o o k s a l ready c i te t he 
initial ev idence f o r g l u o n s in 1 9 7 9 . 
In add i t i on , m e a s u r e m e n t s o f t he 
relat ive p r o d u c t i o n ra te o f h a d r o n s 
(s t rong ly in te rac t ing par t ic les) f r o m 
e lec t ron -pos i t r on ann ih i la t ion p r o 
v i ded a va luable t e s t b e d f o r t he 
t w o under ly ing t heo r i es — the 
q u a n t u m c h r o m o d y n a m i c s (QCD) 
p ic ture o f quark i n te rac t i ons and 
the e l e c t r o w e a k un i f i ca t ion 
s c h e m e . 

The to ta l had ron p r o d u c t i o n rate 
in th is case , inc lud ing e f f ec t s due 
t o g luon e m i s s i o n , is a par t icu lar ly 
c lean quan t i t y t o ca lcu la te in Q C D , 
w h e r e p red i c t i ons are o f t e n d i f f icu l t 
due t o uncer ta in t ies in t he t h e o r y . 

A comp i l a t i on o f resu l ts f r o m 
s tud ies b o t h at PETRA (up t o 
4 6 . 6 GeV co l l is ion energy ) and t he 
PEP r ing (up t o 2 9 GeV) at S t a n 
f o r d n o w p r o v i d e s so l id va lues f o r 
under ly ing p a r a m e t e r s in t he t h e o 
ries — the s t r o n g coup l i ng c o n -

Variation of the relative production level of 
hadrons in electron-positron annihilation 
(R) with collision energy (horizontal axis) 
from experiments at both the PETRA (DESY, 
Hamburg, up to 46.6 GeV collision energy) 
and PEP (Stanford, up to 29 GeV) colliders. 
The results clearly show the increasing 
electroweak effects (EW), together with 
the calculated contribution from the field 
theory of quark and gluon interactions 
(QCD), including effects due to gluon 
emission, and the prediction of simple quark 
parton model (QPM). The agreement of the 
combined EW + QCD predictions with the 
data shows that our understanding is in 
good shape. 

s tan t o f QCD and the e l e c t r o w e a k 
m ix ing angle . 

One p red ic t i on o f t he e lec t ro 
w e a k t h e o r y is t ha t the ' w e a k ' 
nuclear f o r c e s ta r t s t o ge t s t r o n g e r 
w i t h energy . A t PETRA, rad io - f re 
q u e n c y acce lera t ing p o w e r w a s 
c r a m m e d in to the ring t o b o o s t 
the co l l is ion energy . W h i l e t he 

increas ing e l e c t r o w e a k c o n t r i b u t i o n 
w a s c lear ly s e e n , the Z par t ic le 
(the neut ra l carr ier o f t he w e a k 
fo rce ) respons ib le f o r the e f fec t 
cou ld n o t c o m e ou t in to t he o p e n . 
It needed the h igher co l l is ion ener
g ies o f t he CERN p r o t o n - a n t i p r o t o n 
r ing t o iso la te t he Z near 9 3 G e V 
in 1 9 8 3 . 
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Turbidity measurements 
of liquids «. 

for filler checks, in fermen
tation processes, in 
titration technology, in 
beverage production, for oil in 
hydraulic gear maintenance, 
in water supply services, in 
waste water treatement 
systems, for medical sub
stances, for high purity 

: e,t,a 

NOVASINA AG 

Tel. 01/30140 00 
A company of Î T-H 

Thurgauerstrasse 50 
CH-8050 Zurich 

Tlx . 823 627 sina ch 
Walter Meier Holding AG 

HIGH-FREQUENCY GENERATORS 

HTG 10OO / 0 .6 k W , 1.3 k W and 2 .5 k W 

• for any kind of inductive heating as brazing, 
soldering, hardening or melting 

• containerless lévitation melting 
• universal application 
• especially suitable for assembly in automated 

systems 
• rapid changeable inductor 
• removeable HF-unit up to 20 mtrs. 
• compact housing 470 x 160 x 4 0 0 mm 

- E 3 l E a U d t . r , c z i n i l ^ 
H e i n r i c h - H e r t z - P l a t z 1 • D - 8 4 5 9 H i r s c h b a c h 1 

T e l . 0 9 6 6 5 / 1 7 2 1 - 3 • T e l e x 6 3 9 0 2 • T e l e f a x 0 9 6 6 5 / 1 7 2 0 

Y o u r p a r t n e r f o r all H F - g e n e r a t o r s up t o 12 k W 
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A section of the tunnel for the UNK machine 
being built at the Soviet Serpukhov 
Laboratory. The 21 km tunnel is expected 
to be complete in 1990. 

SERPUKHOV 
UNK underway 

The 'Accelerator and Storage Com
plex' (better known by its Russian 
initials, UNK) at Serpukhov, USSR, 
advanced with some 3 km of tun
nelling completed in 1986 and a 
number of superconductiong mag
nets successfully tested. 

The initial plans for UNK are to 
build a conventional magnet ring 
to reach 600 GeV (400 GeV in the 
storage ring mode) and a super
conducting magnet ring to reach 
3 TeV. This complex will be fed 
by the existing 76 GeV proton 
synchrotron currently providing 
10 1 3 protons per pulse and 
being upgraded to 5 x 1 0 1 3 . 

The two rings will be located in 
the same tunnel, with the conven
tional ring above the superconduct
ing, so that collisions between 
vertically crossing proton beams 
can be obtained. Alternatively the 
storage of antiprotons also in the 
3 TeV ring (space has been left 
available in the site design specifi
cally for the possible addition of 
an antiproton accumulator) would 
obviously allow proton-antiproton 
collisions up to a combined energy 
of 6 TeV. 

Several 6 m superconducting 
magnets of the warm-iron Fermilab 
Tevatron type have been built and 
tested. They trained rapidly to 
6.2 T with good field quality; this 
is comfortably above the design 
value of 5 T. The cold-iron solu
tion, such as is being used at DESY 
for HERA, is being considered with 
the particular aim of reducing the 
heat load. This could enable the 

Superconducting magnets for UNK under 
test. 

(Photos Serpukhov) 
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The superconducting A TLAS — Argon ne 
Tandem Linear Accelerator System — now 
supplying a wide range of ions at energies 
up to 25 MeV per nucléon. 

(Photo Argonne) 

re f r igera t ion s y s t e m (cons is t i ng o f 
a cent ra l p lant and 2 4 2 k W sa te l 
l ite s ta t ions ) be ing ins ta l led f o r t he 
init ial s t age o f t he p ro jec t , t o ca te r 
a lso f o r a s e c o n d 3 T e V r ing . The re 
is r o o m t o instal l th is add i t i ona l 
r ing in t he s a m e tunne l . 

S u p e r c o n d u c t i n g m a g n e t c o n 
s t ruc t i on and t es t i ng w i l l be d o n e 
at S e r p u k h o v , wh i l e t he c o n v e n 
t iona l m a g n e t s w i l l be bui l t in Le
n ing rad . It is i n tended t o instal l 
1 0 0 s u p e r c o n d u c t i n g m a g n e t s in 
the mach ine tunne l f o r t e s t s o f t he 
re f r igera t ion and q u e n c h s y s t e m 
be fo re car ry ing o n w i t h t he p r o d u c 
t i on o f t he 2 0 0 0 m a g n e t s needed 
f o r the ful l r ing . 

Civil eng ineer ing w o r k has in 
c luded a lo t o f s i te c learance and 
it is h o p e d t o c o m p l e t e a fu r the r 
6 k m o f t he tunne l th is year . T h e 
c o m p l e t i o n o f t he t unne l , 2 1 k m 
in c i r cumfe rence , is schedu led f o r 
1 9 9 0 and f i rs t b e a m s are e x p e c t e d 
in 1 9 9 3 . 

S o m e con t r o l e q u i p m e n t f o r UNK 
m a g n e t s has been d e v e l o p e d by 
the French Saclay L a b o r a t o r y , and 
nego t i a t i ons are u n d e r w a y t o ex
t e n d th is co l l abo ra t i on . 

ARGONNE 
Accelerator research 

A s a large m u l t i p u r p o s e research 
o rgan iza t i on , one no tab le ach ieve
m e n t o f t he A r g o n n e Nat iona l Lab 
o r a t o r y in i ts 4 0 year h i s to ry has 
been the d e v e l o p m e n t and c o n 
s t ruc t i on o f p r o t o t y p e s o f m o s t o f 
t he ma jo r f i ss ion reac to r t y p e s 
n o w used f o r p o w e r gene ra t i on in 
t he Un i ted S ta tes and t h r o u g h o u t 
t he w o r l d . 

In nuclear p h y s i c s , t he o u t s t a n d 
ing acce le ra to r ac t i v i t y f o r t he last 
decade has been the d e v e l o p m e n t 
o f the s u p e r c o n d u c t i n g heavy ion 

fac i l i ty , A T L A S ( A r g o n n e T a n d e m 
Linear A c c e l e r a t o r S y s t e m ) , t he 
f i rs t s tage o f w h i c h c a m e in to 
ope ra t i on in 1 9 8 2 . It c o n s i s t s o f 
a 9 M V e lec t ros ta t i c t a n d e m f o l 
l o w e d by t w o s tages o f s u p e r c o n 
duc t i ng l inac. Heavy ion b e a m s 
rang ing f r o m l i t h i um-7 t o 
i o d i n e - 1 2 7 are acce le ra ted , w i t h 
energ ies up t o 2 5 M e V per nu 
c léon . T h e f i rs t b e a m w a s p r o 
d u c e d t h r o u g h the ful l s y s t e m in 
Apr i l 1 9 8 5 . 

The g r o u p under Lowe l l Bol l inger 
t ha t d e v e l o p e d and bui l t t he m a 
chine are n o w e m b a r k e d on an 
upg rade p ro jec t t o be bui l t in 
phases o v e r the nex t f o u r or f i ve 
years . It w i l l increase the b e a m 
in tens i ty f o r t he p resen t ions by 
t w o o r d e r s o f m a g n i t u d e and wi l l 
a lso a l l o w the acce le ra t ion o f heav
ier nuc le i , up t o u ran ium. 

A n o t h e r ope ra t i ng acce le ra to r 
t ha t s u p p o r t s a ma jo r user c o m 
m u n i t y is the 5 0 0 M e V rap id c y 

c l ing p r o t o n s y n c h r o t r o n at the 
hear t o f t he In tense Pulsed Neu t ron 
Source (IPNS). Th i s recen t l y ce le
b ra ted i ts f i f th year o f o p e r a t i o n . 
T h e s y n c h r o t r o n w a s or ig ina l ly 
bui l t as an in jec tor t o t he 12 G e V 
Z e r o Grad ient S y n c h r o t r o n , c l o s e d 
in 1 9 7 9 . 

Unt i l t he ISIS mach ine at the 
Ru ther fo rd A p p l e t o n L a b o r a t o r y 
(UK) and the PSR (Pro ton S to rage 
Ring) at Los A l a m o s Nat iona l Lab 
o r a t o r y c o m e in to ful l o p e r a t i o n , 
t he IPNS s y s t e m wi l l rema in t he 
w o r l d ' s w o r k h o r s e p r o d u c e r o f 
p r o t o n - g e n e r a t e d spa l la t ion n e u 
t r o n s . S ince M a y 1 9 8 1 , it has d e 
l ivered 1.8 x 1 0 9 b e a m pu lses t o 
a u ran ium neu t ron genera t i on ta r 
ge t w i t h ve ry h igh rel iabi l i ty. 

In t he High Energy Phys ics D iv i 
s ion a g r o u p , led by J i m S i m p s o n 
and S a n d r o Rugg ie ro , is in the ear ly 
c o m m i s s i o n i n g s tage o f an expe r 
imenta l w a k e f ie ld acce le ra to r us 
ing b o t h so l id l inac s t ruc tu res and 

2 2 CERN C o u r i e r , M a r c h 1 9 8 7 



CERN Quadrupole (2MB and QWL low biter insertion. 

Q W L L a r g e c r o s s s e c t i o n . Q M B N a r r o w c r o s s s e c t i o n 

Our production for SPS/CERN 
H i g h v a c u u m c h a m b e r s , s p e c i a l s e c t i o n p i p e s . C r y o g e n i c s . E n g i 
n e e r i n g . C o n s t r u c t i o n s in s t a i n l e s s s t e e l , a l s o A I S I 3 1 6 L N, D IN 
1 . 4 4 2 9 , w i t h l o w m a g n e t i c p e r m e a b i l i t y , s h e e t s a n d i n g o t s , 
T i t a n i u m , H a s t e l l o y , I n c o n e l , C o p p e r , B e C u , e t c . 

S e n d e n q u i r i e s . 
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We provide easily built- in 
safety in K n o w - h o w . 

Vacuum- impregnated toroidal 
componen ts (circular in all three 
dimensions) made of glass 
f i b re /epoxy for 

Tokamak FTU 
insulation for E.N.E.A. 

Frascati (and Ansaldo) 
Part 1 : For accelerator r ing w i t h 4 

s t ra ight - through ring electrodes. 
Part 2 : Coil vee ring manufac tured by 

FW process. 

Please request detai led in format ion . 
Mr H. Mauch wi l l be glad to advise you 
personal ly. 
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3 0 years ' exper ience and k n o w h o w 
th rough successfu l col laborat ion w i t h 
f ield special ists. 
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Kunststoffwerk 
C H - 4 2 4 9 Zu l lw i l SO Fax 0 6 1 / 8 0 0 6 0 4 
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The Advanced Photon Source, a 7 GeV 
positron storage ring project at Argonne 
to provide for future synchrotron radiation 
requirements. 

p lasmas . It is based o n a 2 0 M e V 
e lec t ron l inac o p e r a t e d by the 
Chemis t r y D iv i s ion , cu r ren t l y p r o 
duc ing ve r y sho r t ( 30 psec) pu lses 
o f e l ec t rons , each con ta in ing 
10 n a n o c o u l o m b s o f charge w i t h 
a repe t i t i on rate up t o 8 0 0 Hz. 
A f t e r the in tense 2 0 M e V pulse 
exc i tes t he cav i t y or p l a s m a , a f o l 
l o w i n g l o w e r ene rgy (15 M e V ) 
b e a m wi l l be acce le ra ted by the 
f ie lds se t up by the p r imary pu lse . 
C o m m i s s i o n i n g o f the s y s t e m be 
gan in N o v e m b e r 1 9 8 6 , w i t h t he 
f i rs t e x p e r i m e n t s imminen t . 

A ma jo r n e w p ro jec t cen t res o n 
the des ign and c o n s t r u c t i o n o f a 
un ique s y n c h r o t r o n rad ia t ion 
sou rce . A ded i ca ted p o s i t r o n s to r 
age r ing w i t h a nomina l ene rgy o f 
7 GeV has been d e s i g n e d by a 
g r o u p under t he leadersh ip o f Y a n g 
Cho. Des igned so le ly f o r research 
us ing s y n c h r o t r o n l ight , t he A d 
v a n c e d P h o t o n Source w i l l p r o v i d e 
o p t i m i z e d b e a m s o f X - r a y s w i t h 
spec t r a e x t e n d i n g up t o t e n s 
o f k e V . 

It s t a r t s w i t h a h igh cur ren t 
2 0 0 M e V e lec t ron l inac t o p r o d u c e 
p o s i t r o n s f r o m a t a rge t . T h e p o s i 
t r o n s are t hen acce le ra ted t o 
4 5 0 M e V and in jec ted in to a 
s y n c h r o t r o n t o t ake t he p o s i t r o n 
b e a m t o ful l ene rgy f o r t r ans fe r t o 
t he s t o rage r ing . Th is r ing is d e 
s igned t o s t o re a b o u t 1 0 0 m A o f 
p o s i t r o n s w i t h a b e a m l i fe t ime o f 
15 hou rs . Pos i t rons ra ther t h a n 
e lec t rons are used s ince the s t o r e d 
b e a m wi l l t hen n o t t r ap pos i t i ve 
ions f r o m the res idual gas in t he 
v a c u u m c h a m b e r . The s t o rage r ing 
has a c i r cumfe rence o f 1 0 0 0 m 
and can p rov i de up t o 6 0 s e c o n d 
ary b e a m s . 2 8 o f the 3 2 s t ra igh t 
sec t i ons can be e q u i p p e d w i t h 
inser t ion dev i ces and all 3 2 b e n d 
ing m a g n e t s w i l l g ive usefu l f l uxes 
o f X - rays . 

The s t o rage r ing o p t i c s are d e 

s igned f o r a l o w e m i t t a n c e p o s i t r o n 
b e a m w h i c h w i l l m e e t t he requ i re
m e n t s o f the undu la to rs and b e a m 
w i g g l e r s . A s a resu l t , t he br i l l iance 
is m u c h h igher t han is poss ib le 
w h e n t he inser t ion dev i ce is r e t r o 
f i t t ed in to an ex is t i ng r ing . 

A m o d i f i c a t i o n o f t he C h a s m a n -
Green m a g n e t la t t ice has been 
c h o s e n . T h e d y n a m i c aper tu re can 
be k e p t large by p r o p e r a d j u s t m e n t 
o f the s e x t u p o l e s in t he d i spe rs i on -
f ree s t ra igh t s e c t i o n s . A s imi lar 
la t t ice is used in the l o w e r ene rgy 
Nat iona l S y n c h r o t r o n L ight Sou rce 
at B r o o k h a v e n , and has the a d v a n 

tage t h a t it can be init ial ly o p e r a t e d 
d e t u n e d t o g ive less sens i t i v i t y t o 
m a g n e t e r ro r s , bu t at t he e x p e n s e 
o f e m i t t a n c e . A s the mach ine o p 
t i cs are be t te r u n d e r s t o o d , t he 
tune can be t i g h t e n e d . 

T h e des ign o f the $ 3 7 5 M fac i l i ty 
is be ing c o m p l e t e d and de ta i led 
eng ineer ing w o r k is a lso u n d e r w a y . 
C o n s t r u c t i o n cou ld s ta r t in 1 9 8 8 
w i t h c o m p l e t i o n in 1 9 9 2 , p rov i d i ng 
a v i g o r o u s research p r o g r a m m e 
at A r g o n n e w e l l in to t he nex t c e n 
tu ry . 

From Malcom Derrick 
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European medical 
accelerator initiative 

Last N o v e m b e r CERN p layed h o s t 
t o a g roup o f med ica l p rac t i t i one rs , 
rad iob io log is t s and acce le ra to r 
eng ineers m e e t i n g t o ins t i tu te a 
feas ib i l i ty s t u d y o f t he FL/ ropean 
L ight /on Med ica l 4 c c e l e r a t o r p r o 
jec t (EULIMA) . T h e p ro jec t w i l l 
b r ing t o g e t h e r the j o i n t r esou rces 
o f severa l European t e a m s f r o m 
Be lg ium, France, G e r m a n y , I taly 
and the Un i ted K i n g d o m t o des ign 
and bui ld a par t ic le acce le ra to r f o r 
cancer t r e a t m e n t . 

The p ro jec t p r o p o s a l w a s the 
o u t c o m e o f a m e e t i n g in O c t o 
ber 1 9 8 5 o f the European Organ iz 
a t ion f o r Research and T r e a t m e n t 
o f Cancer at Nice. A p re l im inary 
E U L I M A mee t i ng at CERN in 
M a r c h 1 9 8 6 de f ined t he p ro jec t 
a ims and exam ined the poss ib i l i t y 
o f car ry ing ou t a feas ib i l i t y s t u d y . 
A reques t f o r f und ing has been 
m a d e t o the European C o m m u n i 
t ies . 

E U L I M A ' s key c o n c e p t c o n s i s t s 
o f i n t roduc ing the a d v a n t a g e s o f 
l ight ion t r e a t m e n t in to an o p e r a 
t iona l med ica l fac i l i ty . T h e acceler 
a to r i nco rpo ra tes an ex is t ing c o m 
pac t c y c l o t r o n used f o r neu t ron 
and p r o t o n t he rapy in t he 6 0 M e V 
energy range (like MEDICYC at t he 
Cent re A n t o i n e Lacassagne in Nice, 
o r CYCLONE at the Cent re de Re
cherches du Cyc lo t ron in Louva in -
la -Neuve, Belg ium) and a b o o s t e r 
t o raise the energy o f the par t ic les 
in jec ted f r o m the c y c l o t r o n t o the 
ene rgy needed f o r r ad io the rapy , 
o f t he o rde r o f severa l hund red 
M e V / n u c l e o n . It w i l l be f i t t e d w i t h 
an ex terna l ion sou rce , l ike O C T O 
PUS d e v e l o p e d at Louva in - la -
Neuve , capab le o f p roduc i ng fu l ly 
s t r i pped l ight ions . 

T h e p e r f o r m a n c e o f t he p o s t -
acce le ra to r has been spec i f i ed w i t h 
neon ions as the re ference par t ic les 
at abou t 5 0 0 M e V per nuc léon . 

Pre l iminary s tud ies have s h o w n 
tha t a mach ine o f su i tab le size f o r 
use in a hosp i ta l shou ld have f o u r 
separa te t r e a t m e n t r o o m s , w i t h a 
s ingle circular s u p e r c o n d u c t i n g coi l 

t o reach the requ i red energy . 
F o l l o w i n g the p ioneer ing w o r k 

o f t he Bevalac b iomed ica l g r o u p 
at Berke ley , it is n o w recogn ized 
tha t h igh ene rgy l ight ions have 
t w o a d v a n t a g e s f o r the rapeu t i c 
p u r p o s e s o v e r the m o r e c o n v e n 
t iona l t y p e s o f r ad ia t i on : by us ing 
the Bragg peak it is poss ib le t o 
c o n c e n t r a t e t he d o s e ve ry a c c u 
rate ly in t he t u m o u r v o l u m e ; and 
the b io log ica l e f f i c iency is h igher 
and the rad iosens i t i v i t y o f the i r ra
d ia ted cel ls is less d e p e n d e n t o n 
the i r o x y g e n c o n c e n t r a t i o n . T h u s 
E U L I M A wi l l g ive pr io r i ty t o local 
heal ing in t he t r e a t m e n t o f cancer 
t u m o u r s by w o r k i n g on the init ial 
t u m o u r and i ts satel l i te gang l i ons . 

On recogn iz ing these a d v a n t a g e s 
a ser ies o f b iomed ica l e x p e r i m e n t s 
w a s car r ied ou t at the Bevalac. 
P roposa ls f o r l ight ion b iomed ica l 
acce le ra to rs des igned f o r cl inical 
t r e a t m e n t have been m a d e by the 
Nat iona l Ins t i tu te o f Radio log ica l 
Sc iences at Sh iba in Japan (this 
p r o p o s a l has rece ived fund ing) and 
at Berke ley (LIBRA, the L ight Ion 
B iomed ica l Research Acce le ra to r ) . 
A p r o p o s a l f o r add ing a med ica l 
fac i l i ty t o t he Heavy Ion S y n c h r o 
t r o n at GSI (Darmstad t ) is in p re 
pa ra t i on . 

T h e A n t o i n e - L a c a s s a g n e Cent re 
in Nice and the Cyc lo t r on Research 
Cent re at Louva in - la -Neuve are 
a l ready c o m m i t t e d t o the E U L I M A 
pro jec t . O ther European research 
cen t res and labora to r ies have ex
p ressed the i r in te res t . It is t hus 
the a im o f the E U L I M A p ro jec t t o 
p rov i de a p o w e r f u l n e w w e a p o n 
t o con t i nue the f i gh t aga ins t c a n 
cer. (Other p ro jec t s are u n d e r w a y 
in the US , see D e c e m b e r 1 9 8 6 
issue, page 5.) 

Proposed layout of the EULIMA European 
Light Ion Medical Accelerator project. 
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How many dosemeters exist in your health physics department? 
They all have to be recalibrated from time to time to insure correct measurements. To save money 
and time you should have your own Secondary Standard: 

F O R E X A C T M E A S U R E M E N T S A T R A D I A T I O N P R O T E C T I O N L E V E L S 
(Usefull for calibration laboratories as well) 

• Meets per formance requirements of a Secondary 
Standard for measurements of X and gamma 
radiation at protect ion levels 
Reference class dosemeter DOSIMENTOR IQ4 for 
measurements of dose rate or dose by using alter
natively a h igh-ohmic resistor or a capac i tor 

• Excel lent long term stabi l i ty reproducibi l i ty of ioni 
zat ion chamber LS-01 and instrument DOSIMEN
TOR IQ4 including a 2 4 1 Am check source 

i Energy dependence of chamber LS-01 is low 
i Protect ion against humidi ty by thermostat ical ly 
contro l led heated ampli f ier 

» 41/2 digit d isplay 

• Interface for connect ion to compute r 
• Ionization chambers 0.02 c m 3 to 10 liters vo lume 
available Components: Reference class dosemeter DOSIMENTOR IQ4 

plus 1000 cm3 ion chamber LS-01 System 
"ÔFZ Seibersdorf"241 Am check source SB-41 

M o r e than 6 0 years exper ience in the manu fac to r ing of dos ime te rs D-7800 Freiburg L Br. 
Lôrracher Strasse 7 
Tel. 07 61/42311 
Telex 7 721439 ptwfd 

VACUUM USERS 
S e n d f o r t h e s e i m p o r t a n t p r o d u c t b r o c h u r e s 
f r o m E d w a r d s H i g h V a c u u m 

M any new valves for use in 
vacuum systems are featured in 
this fully illustrated brochure. 

With Klein Flange (NW) and ISO 
terminations, these valves include a 
completely redesigned Speedivalve range 
of diaphragm valves for pipeline isolation 
and another redesigned series, 
designated BRV, in which two distinct 
pumping functions are combined in a 
single 3 way valve unit. 
Other types featured are bellows sealed 
isolation valves with manual, pneumatic or 
solenoid operation and a range of 
compact quarter-swing butterfly valves 
offering high conductances. 

Edwards brochure on pipe couplings 
and fittings for vacuum systems 
features a number of new products. 

Larger sizes of ISO components are 
among the latest additions to the 
comprehensive range. Aluminium 
components have been extended to 
include the NW16 sizes. This new 
publication gives diagrams, dimensions 
and colour illustrations of ISO and NW 
connexions and components in stainless 
steel and aluminium for a range of 
standard pipe diameters, including 
flanges, elbows, tees, bellows, 
compression fittings and 
clamps. It features 
a very simple, 
compact, low-
cost clamping 
ring and 
the unique 
Edwards 
Co-Seal 
sealing ring 
designer 
to prevei 
crevices 
and 
trapped 
volumes 

Edwards 

Edwards High Vacuum Manor Royal Crawley West Sussex RH102LW 

Tel. (0293) 28844 Telex 87123 edivao g 

ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLÉAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

M O V I N G ? 

Please remember to let us know 
in good time. All notices of 
change of address must be 
accompanied by old and new 
addresses. (Include label from 
magazine wrapper.) 

Any enquir ies regarding subscr ipt ions 
should be addressed t o : 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzerland 
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DATA 
COMPILATION 
Protocol signed 
CERN and o the r h igh e n e r g y Lab 
o ra to r ies p r o d u c e e n o r m o u s q u a n 
t i t ies o f da ta and resu l t s . T h e ma in 
resu l ts are w r i t t e n up and p u b 
l i s h e d ; r e v i e w e r s , c o n f e r e n c e rap 
po r teu rs and t e x t b o o k a u t h o r s 
comp i l e t h e m and p resen t t h e m in 
a d i ges ted f o r m . But m u c h exper 
imenta l da ta is s o v o l u m i n o u s and 
ind igest ib le t ha t it e s c a p e s th is 
p r o c e s s . 

Even t h o u g h t h e y are v e r y i m 
p o r t a n t , spec i f i c reac t ion ra tes 
(c ross -sec t ions ) are o f th i s t y p e . 
Recogn iz ing the need t o p resen t 
as m a n y resu l ts as p o s s i b l e , an 
in fo rma l in te rnat iona l o rgan iza t i on 
has gradual ly e v o l v e d a n d has been 
recogn ized of f ic ia l ly b y a p r o t o c o l 
s i gned in 1 9 8 6 b e t w e e n CERN, 
rep resen t ing W e s t e r n European 
g r o u p s , and the Sov ie t U n i o n . 

Comp i l a t i ons o f m a n y in te rac t i on 
c r o s s - s e c t i o n s s t a r t e d in 1 9 6 6 
w h e n Doug las M o r r i s o n m a d e a 

s t u d y o f t w o - b o d y c r o s s - s e c t i o n s 
f o r a con fe rence in S t o n y B r o o k . 
T h e a im w a s t o der ive phys i cs 
ins ight f r o m the da ta (the c r o s s -
sec t i ons dec reased w i t h m o m e n 
t u m by a p o w e r l aw and t he p o w e r 
w a s d e p e n d e n t on the q u a n t u m 
n u m b e r s exchanged) . So as no t 
t o w a s t e th is da ta c o m p i l a t i o n , 
o the r phys i c i s t s w e r e inv i ted t o 
jo in and an organ iza t ion t o c o m p i l e 
c r o s s - s e c t i o n da ta w a s se t up in 
1 9 6 7 . It w a s n a m e d HERA f o r High 
Energy React ion A n a l y s i s . Severa l 
peop le ag reed t o comp i l e d i f fe ren t 
t y p e s o f reac t i on . T o a l l o w easy 
a c c e s s , the comp i l a t i ons have been 
issued in b o o k f o r m as CERN-HERA 
r e p o r t s , and a b o u t a dozen r e p o r t s 
p lus upda tes have been i ssued . 
A n a g r e e m e n t w a s m a d e w i t h t he 
Part ic le Data G r o u p , set up by A r t 
Rosen fe ld and based in Berke ley , 
t o share the pub l i ca t ion o f HERA 
c r o s s - s e c t i o n c o m p i l a t i o n s and 
PDG c o m p i l a t i o n s o f o the r d a t a . 
Posta l c o s t s are reduced by 
Berke ley be ing respons ib le f o r d i s 
t r i bu t i on in No r th and S o u t h A m e r 
ica , Aus t ra las ia and the Far East 
wh i l e CERN se rves all o t he r areas. 

T h e HERA g r o u p has regular 
m e e t i n g s w i t h o the r European 
g r o u p s and r e p o r t s are g i ven at 
t he C O D A T A c o n f e r e n c e s (a UN 
a s s o c i a t e d o rgan iza t ion) . In the 
UK , d i f fe rent ia l as we l l as t o ta l 
c r o s s - s e c t i o n s are c o m p i l e d and 
w i t h t he m u c h g rea te r v o l u m e o f 
d a t a , t he c o m p i l a t i o n is m a d e ava i l 
ab le t o t he c o m m u n i t y t h r o u g h a 
c o m p u t e r n e t w o r k — fu r the r in for 
m a t i o n and deta i ls on h o w t o ac
cess t he da ta can be ob ta i ned f r o m 
M i k e W h a l l e y at Ru ther fo rd or Dur
h a m . A t S e r p u k h o v (USSR) a 
s t r o n g t h e o r y g r o u p began co l lec t 
ing c r o s s - s e c t i o n da ta and has se t 
up the C O M P A S o rgan iza t ion . For 
s o m e t i m e t a p e s have been ex
c h a n g e d b e t w e e n the HERA, C O M 
P A S and UK o rgan iza t ions and in 
1 9 8 6 th is w a s fo rma l i zed in a p r o 
t o c o l s i gned by CERN and by the 
USSR. T h e c o o r d i n a t o r o f t he w o r k 
o f th i s j o i n t o rgan iza t ion is V i cenzo 
F lamin io o f Pisa. G roups at Bo lo 
g n a , CERN, D u r h a m , ITEP ( M o s 
c o w ) , P isa, Ru the r fo rd and Se rpuk 
h o v are m e m b e r s . 

By Douglas Morrison 

CERN makes history 

A th r i v ing in ternat iona l L a b o r a t o r y 
w i t h ove r th i r t y yea rs o f h i s to r y 
and t rad i t i on beh ind it can l ook t o 
the pas t as we l l as t o t he f u tu re . 
T h e f i rs t v o l u m e o f an au tho r i t a t i ve 
t w o - v o l u m e h is to ry a b o u t t he c re 
a t ion and ear ly years o f CERN, 
pub l i shed in February , t r aces the 
even t s leading t o the c o m i n g in to 
f o r ce o f the C o n v e n t i o n e s t a b 
l ishing the L a b o r a t o r y in 1 9 5 4 . 

A t e a m o f European h is to r ians 

began w o r k on the CERN H is to ry 
t o w a r d s the end o f 1 9 8 2 f o l l o w i n g 
the in i t iat ive o f Gunther Lehr , Fed
eral G e r m a n y ' s de legate in t he 
CERN C o m m i t t e e o f Counc i l . T h e 
h is to r ians are led by A r m i n Her
m a n n , P ro fesso r o f the H is to ry o f 
Sc ience and T e c h n o l o g y at S tu t t 
ga r t , and inc luded J o h n Kr ige f r o m 
the UK, Ulr ike Mers i t s f r o m A u s 
t r i a , and Domin ique Pestre f r o m 
France, he lped pa r t - t ime by Lan-

f r a n c o Bel loni f r o m Italy and Laura 
W e i s s f r o m Sw i t ze r l and . A t CERN, 
A l f r e d Gun ther he lped the s t u d y 
a long wh i l e R o s w i t h a Rahmy and 
Y v e s Felt p r o v i d e d invaluable help 
f r o m the CERN arch ives . T h e p r o 
jec t a lso bene f i t ed f r o m input f r o m 
an A d v i s o r y C o m m i t t e e cha i red 
by P. Levaux . 

T h e t w o ma in t h reads in the 
lead-up t o the c rea t ion o f CERN — 
the phys i cs and the po l i t i cs — are 

CERN C o u r i e r , M a r c h 1 9 8 7 2 7 



Previously unpublished photographs 
showing many of CERN's founders gathered 
for the Third Session of the provisional 
CERN Council in Amsterdam on 4 October 
1952. (Photos Lindeman, Amsterdam) 

re f lec ted in t he f i rs t v o l u m e o f t he 
CERN H is to ry , w i t h a w e a l t h o f 
i n f o r m a t i o n . 

Preparing the way 

The h is to r ians out l ine the f o r m a 
t ive y e a r s : T o w a r d s the ve r y end 
o f 1 9 4 9 , in t he a f t e r m a t h o f Pres i 
den t T r u m a n ' s a n n o u n c e m e n t o f 
the exp los ion o f the f i r s t Sov ie t 
a t o m i c b o m b , severa l persona l i t ies 
assoc ia ted w i t h nuclear m a t t e r s 
in Europe began t o th ink ser ious ly 
abou t the poss ib i l i t ies f o r mu l t i na 
t iona l c o - o p e r a t i o n in th i s area. 
The m o s t i m p o r t a n t o f t he f i r s t 
in i t ia t ives w a s t ha t o f Raoul Dau t r y , 
Adm in i s t r a to r -Gene ra l o f the 
French C o m m i s s a r i a t à l 'Energie 
A t o m i q u e . A t t he European Cul tural 
Con fe rence in Lausanne in D e c e m 
ber 1 9 4 9 he had a reso lu t ion 
passed r e c o m m e n d i n g tha t s tud ies 
be unde r taken f o r the c rea t ion o f 
a European ins t i tu te f o r nuclear 
sc ience ' d i rec ted t o w a r d s app l i ca 
t i ons in e v e r y d a y l i fe ' . Six m o n t h s 
later Is idor I. Rabi , A m e r i c a n Nobe l 
p r i zew inner and c o - f o u n d e r o f t he 
B r o o k h a v e n Nat iona l L a b o r a t o r y , 
put a reso lu t ion t o t he annual c o n 
fe rence o f UNESCO. It inv i ted the 
s ta tes w h o s o w i s h e d t o c rea te 
one or m o r e reg iona l European 
labo ra to r i es , inc lud ing one in n u 
clear sc ience . Th i s w a s a d o p t e d 
b y the General A s s e m b l y on 
7 June 1 9 5 0 . 

T w o smal l g r o u p s t o o k up t hese 
p r o p o s a l s in t he f o l l o w i n g m o n t h s . 
One c o m p r i s e d a handfu l o f s p e 
c ia l is ts in c lassical nuc lear phys i cs 
(peop le l ike K o w a r s k i in France o r 
P re i swerk in Sw i t ze r l and ) , o r in 
c o s m i c rays ( m o s t n o t a b l y , o f 
c o u r s e , A m a l d i in I taly and A u g e r 
in France, the la t ter a lso be ing D i 
rec to r o f UNESCO's D e p a r t m e n t 
o f Exact and Natura l Sc iences) . 

T h e o the r g r o u p w a s c o m p o s e d 
o f th ree i m p o r t a n t a d m i n i s t r a t o r s 
o f sc ience — Raoul Dau t r y , G u s t a 
v o Co lonne t t i ( w h o w a s Pres ident 
o f the Ital ian Cons ig l io Nazionale 
del le Ricerche) , and J e a n W i l l e m s 
(Di rec tor o f t he Belgian Fonds Na
t iona l de la Recherche Sc ient i f ique) . 
In D e c e m b e r 1 9 5 0 a f i r s t ga the r ing 
o f sc ien t i s t s and a d m i n i s t r a t o r s 
o rgan ized by A u g e r and Dau t ry at 
t he seat o f t he Cent re Européen 
de la Cul ture in Geneva p r o p o s e d 
t ha t t he b igges t acce le ra to r in t he 
w o r l d (i.e. a b o u t 6 GeV) be c o n 
s t r u c t e d . A reac to r w a s ru led o u t 
f o r po l i t ica l r e a s o n s , no tab l y t he 
p r o b l e m s p o s e d by indust r ia l app l i 
ca t i ons and mi l i ta ry i n te res ts . 

In M a y , O c t o b e r , and N o v e m b e r 
o f the f o l l o w i n g year ( 1 9 5 1 ) A u g e r , 
a long w i t h a n u m b e r o f sc ient i f i c 
c o n s u l t a n t s , f u r the r re f ined t he 
p ro jec t a d v o c a t e d in Geneva . In 
D e c e m b e r 1 9 5 1 the i r r e c o m m e n 
da t i ons w e r e s u b m i t t e d t o a Euro
pean i n t e r g o v e r n m e n t a l con fe rence 
of f ic ia l ly cal led by UNESCO, bu t in 
f ac t o r c h e s t r a t e d by A u g e r h imse l f . 
A f t e r l eng thy d i scuss ions w h i c h 
re f lec ted ser ious d i f fe rences o f 
op in ion a m o n g sc ien t i s t s , the c o n 

fe rence p r o p o s e d tha t a p rov is iona l 
o rgan iza t ion be es tab l i shed . It w a s 
e n d o w e d w i t h $ 2 0 0 0 0 0 and g iven 
18 m o n t h s t o p resen t po ten t ia l 
m e m b e r s ta tes w i t h w o r k e d o u t 
t echn i ca l , o rgan iza t iona l , and f i nan 
cial p lans . T h e f o r m a l A g r e e m e n t 
e m b o d y i n g t hese p r o p o s a l s w a s 
s igned o n 15 February 1 9 5 2 by 
all t h o s e p resen t , w i t h t he e x c e p 
t i on o f t he Un i ted K i n g d o m . Early 
in M a y , w i t h t he $ 2 0 0 0 0 0 gua ran 
t e e d , and f i ve s igna tu res ra t i f i ed , 
t he A g r e e m e n t en te red in to f o r c e . 

On 5 M a y 1 9 5 2 the p rov i s iona l 
Counc i l m e t f o r t he f i r s t t i m e . T h e 
techn ica l g r o u p s t o des ign the ac
ce le ra to rs and p lan t he l abo ra to r y 
w e r e se t up . In O c t o b e r Geneva 
w a s a d o p t e d as the s i te f o r t he 
l abo ra to r y , and it w a s dec ided t o 
c o n s t r u c t a 2 5 - 3 0 GeV p r o t o n 
s y n c h r o t r o n e m b o d y i n g the n e w 
a l te rna t ing -g rad ien t pr inc ip le . Th i s 
m e a n t t ha t a research and deve l 
o p m e n t e f fo r t — w i t h i ts as 
soc i a ted r isks — w a s n e e d e d , and 
t ha t the mach ine w o u l d t a k e s o m e 
f i ve o r six years t o bu i ld . In J a n u a 
ry 1 9 5 3 the Br i t ish g o v e r n m e n t 
w a s rep resen ted of f ic ia l ly in t he 
Counci l f o r t he f i rs t t i m e , and t he 
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d iscuss ion o f the t e x t o f t he C o n 
ven t i on es tab l i sh ing t h e p e r m a n e n t 
o rgan iza t ion began in earnes t . On 
1 Ju ly 1 9 5 3 th is C o n v e n t i o n w a s 
s igned by e ight o f t he e leven m e m 
ber s ta tes o f the p rov i s iona l CERN 
and by the Un i ted K i n g d o m . 

A per iod o f w a i t i n g e n s u e d . T h e 
last t w o ra t i f i ca t ions n e e d e d f o r 
the Conven t i on t o en te r in to f o r c e 
w e r e d e p o s i t e d s o m e 15 m o n t h s 
later on 2 9 S e p t e m b e r 1 9 5 4 . Dur 
ing the h iatus m u c h w a s d o n e : 
a round O c t o b e r 1 9 5 3 the g r o u p 
des ign ing the b ig acce le ra to r w a s 
insta l led in Geneva , and an e m 
b ryon ic admin i s t ra t i ve s t ruc tu re 
w a s se t u p ; f r o m Janua ry t o M a r c h 
1 9 5 4 p r o t r a c t e d and c o m p l e x ne 
go t i a t i ons a round the t o p p o s t o f 
D i rec tor -Genera l led t o t he n o m i 
na t ion o f Felix B loch in A p r i l ; in 
M a y excava t i on w o r k began o n 
the s i te at M e y r i n . In s u m m a r y , 
dur ing the 1 5 - m o n t h in te r im pe 
r i od , the o rgan iza t ion a s k e d f o r , 
and g o t , 9 . 2 mi l l ion S w i s s f r ancs 
f r o m the m e m b e r s t a t e s , t he sc ien 
t i f ic g r o u p s e x p a n d e d s tead i l y 
(number ing s o m e 1 2 0 peop le g a 
t he red f r o m all o v e r Europe in S e p 
t e m b e r 1 9 5 4 ) , and t he w o r k p r o 

ceeded t o such an ex ten t t h a t , 
w h e n the Counci l o f the p e r m a n e n t 
o rgan iza t ion f i rs t m e t on 7 O c t o b e r 
1 9 5 4 , it w a s asked t o a p p r o v e 
the a w a r d o f ma jo r bu i ld ing and 
techn ica l c o n t r a c t s . ' 

Interpreting the motivation 
for CERN 

T h e ' s t anda rd m o d e l ' o f t he m o 
t i va t i ons beh ind these e v e n t s is 
tha t the phys i cs c o m m u n i t y ' s re
qu i r emen ts f o r f u n d a m e n t a l re
search o u t s t r i p p e d nat iona l f i nanc 
ing , and t ha t , in c o n s o r t , recep t i ve 
po l i t ic ians w e r e l ook ing f o r w a y s 
t o rebui ld w a r - t o r n Europe. 

T h e h is to r ians agree t h a t , as a 
f i rs t a p p r o x i m a t i o n , t hese m o t i v a 
t i ons w e r e w i d e l y at w o r k in the 
c rea t ion o f CERN. T h e y i l lus t ra te , 
h o w e v e r , t ha t the phys i c i s t s w e r e 
far f r o m unan imous in the i r v i s ion 
o f the bes t pa th t o f o l l o w , and the 
p ro -European spir i t a m o n g s t po l i 
t i c ians w a s no t as w i d e s p r e a d as 
has been ma in ta ined . The re w e r e 
'severa l g r o u p s o f a c t o r s , severa l 
f o r c e s at w o r k , each hav ing i ts 
o w n i n te res t s ' and there w a s an 

' e l emen t o f con junc tu ra l co inc i 
dence i nvo l ved in the b i r th o f t he 
Organ i za t i on ' . 

T h e conc lud ing chap te r s u m m a 
rizes h o w t hese d iverse in te res ts 
w e r e gradua l ly reconc i led s o t ha t 
the v i e w p o i n t o f Edoardo A m a l d i 
and Pierre A u g e r a m o n g s t the 
sc ien t i s t s , and o f Gus tavo C o l o n -
ne t t i , Raoul Dau t ry and Jean W i l -
l ems a m o n g s t t he po l i t i c ians , e v e n 
tua l ly p reva i l ed . T h e au tho rs a lso 
deal w i t h t he a ims o f the A m e r i c a n 
s u p p o r t f o r t he n e w European Lab 
o r a t o r y and d i scuss s o m e ear ly 
p e r c e p t i o n s o f CERN as a po ten t ia l 
sou rce o f d i rec t l y exp lo i tab le d i s 
cove r i es . 

Th i s f i r s t v o l u m e is a scho la r ly 
s t u d y c o m p r i s i n g s o m e 5 5 0 pages . 
A s e c o n d v o l u m e , on the yea rs o f 
t he P r o t o n S y n c h r o t r o n c o n s t r u c 
t i on and o p e r a t i o n , t h r o u g h t o t he 
au tho r i za t i on f o r the In te rsec t ing 
S t o r a g e Rings, w i l l be pub l i shed 
in a b o u t a year . A c o n d e n s e d ' p o p 
ular ' ed i t i on w i l l a lso be p r e p a r e d . 
' Launch ing the European Organ iz
a t ion f o r Nuclear Research ' is p u b 
l ished by No r t h Hol land Phys ics 
Pub l i sh ing , a d iv i s ion o f Elsevier 
Sc ience Pub l ishers , P.O. Box 1 0 3 , 
1 0 0 0 A C A m s t e r d a m , T h e Nether 
lands . T h e so le d i s t r i bu to r f o r t he 
U S A and Canada is Elsevier 
Sc ience Publ ish ing C o m p a n y , 5 2 
Vande rb i l t A v e n u e , N e w Y o r k , N Y 
1 0 0 1 7 , U S A . 

T h e CERN h i s to ry p ro jec t has 
been s u p p o r t e d f inancia l ly by t he 
A u s t r i a n Founda t i on f o r t he A d 
v a n c e m e n t o f Sc ient i f ic R e s e a r c h ; 
Cent re Nat iona l de la Recherche 
Sc ien t i f i que , F r a n c e ; Cons ig l io Na -
z ionale del le R icerche, I ta l y ; Dan ish 
Natura l Sc ience Research C o u n c i l ; 
Federal M in i s t r y f o r Sc ience and 
Research , A u s t r i a ; Is t i tu to Naz ion-
ale di Fisica Nuc leare , I ta l y ; J o i n t 
C o m m i t t e e o f t he Sc ience and En-
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Physics Research 
Instrumentation 

- Research & Development 
-Electronics Design 

-Application & Software Engineering 
LeCroy is seeking several Physicists and Electronic Engineers 
with design experience in one or more of the following: 

•MM and CAMAC Electronics 
•FASTBUS Hardware/Software 
•Dedicated Data Acquisition Systems 
•Signal Conditioning and Processing 

(Analog and Digital) 
•VME 
•Hybrid, Gate Array and 

Monolithic Design 
•SPICE and Logic Simulation 
•FORTRAN and C Programming 
Please call Dr. Werner Farr in New York at (914) 578-6027 
or send your resume to Attn: Dr. Werner Farr, LeCroy 
Corporation, Dept. G, 700 South Main Street, Spring Valley, 
New York 10977 U.S.A. 

An Equal Opportunity 
Employer, M/F LeCroy 

I n n o v a t o r s i n I n s t r u m e n t a t i o n 

Physicist/ 
Programmer 

Applications are invited for the post of Physicist/ 
Programmer to work on the Zeus experiment, which will be 
carried out using the HERA electron-proton colliding beam 
facility at DESY, Hamburg. The position is within an 
experimental team, in the High Energy Physics Division of the 
Laboratory. This team, in collaboration with several UK 
Universities, is responsible for the Central Tracking Detector for 
the experiment. The successful candidate will be a member of 
the ZEUS group, and will be involved in off-line and/or on-line 
aspects of this work. Some periods working at DESY will be 
involved. 

The appointment will be made at Higher Scientific Officer 
level. 

Salary range £8405-£11323 p e r annum. 
There is a non-contributory pension scheme. 
Applicants should have a 1st or 2nd class honours degree in a 

scientific, mathematical or engineering subject plus 2 years 
relevant postgraduate experience; Candidates should 
preferably have or expect soon to have a PhD in Elementary 
Particle Physics. 

For an appl icat ion fo rm please write or telephone 
quoting VN540, Recruitment Office, Personnel Group, 
Rutherford Appleton Laboratory, Chi l ton, Didcot, Oxon 
OX11 0Q3L Telephone (0235) 445435. 

Applications* must be returned by 27th March 1987 

sere Rutherford Appleton Laboratory 

STANFORD UNIVERSITY 

Accelerator Physicist 
The Stanford Synchrotron Radiation Laboratory (SSRL) 
has a position available for an accelerator physicist. Sup
ported by the US DOE, the SSRL provides the research 
community wi th XUV and hard X-ray synchrotron radi
ation f rom the storage rings SPEAR (3 GeV) and PEP 
(15 GeV) at Stanford. Both rings provide exciting research 
capabilities for accelerator physics and synchrotron radi
ation users. A modified PEP storage ring, for example, 
could produce spatially coherent X-rays wi th a brilliance 
far in excess of any radiation source in existence or under 
planning. 

The facilities, like in the past, are operated primarily to 
develop new radiation source characteristics leading to 
new research findings and methods. These goals provide 
a dedicated and experienced accelerator physicist wi th 
exciting opportunities to develop state-of-the-art syn
chrotron radiation sources in a combination of theoretical 
as well as experimental activity. 

The successful applicant will have an advance degree in 
physical sciences or engineering. Work experience 
should include several years of practical experience wi th 
storage rings or related accelerators. 

Qualified candidates are invited to submit resumes and 
the names of at least three professional references t o : 

Professor H e l m u t W i e d e m a n n 
Assoc ia te Director 
Stanford Synchrot ron Radiat ion Laboratory 
P.O. Box 4 3 4 9 , Bin 69 
Stanford , Cal i fornia , USA, 9 4 3 0 5 

UNIVERSITE LOUIS PASTEUR 
S t r a s b o u r g - F r a n c e 

MICROÉLECTRONIQUE -
OPTOÉLECTRONIQUE 

L ' U N I V E R S I T É L O U I S P A S T E U R d e S t r a s b o u r g s o u h a i t e d é v e 

l o p p e r d e s d o m a i n e s d e r e c h e r c h e en m i c r o é l e c t r o n i q u e , o p t o é 

l e c t r o n i q u e e t s y s t è m e s . P lus i eu rs p o s t e s d e p r o f e s s e u r s e t d e 

m a î t r e s d e c o n f é r e n c e s s o n t à p o u r v o i r . L e s s e c t e u r s d e r e c h e r 

c h e en c o u r s d e d é v e l o p p e m e n t s o n t : 

• p o u r la m i c r o é l e c t r o n i q u e : r e c h e r c h e e t d é v e l o p p e m e n t d e 

c a p t e u r s i n t é g r é s e t c i r c u i t s a s s o c i é s , a r c h i t e c t u r e i n t e r n e d e 

c e s d i s p o s i t i f s (C. A . O . ) , d e s t i n é s , e n p a r t i c u l i e r , à la p h y s i q u e 

d e s p a r t i c u l e s ; 

• p o u r l ' o p t o é l e c t r o n i q u e : i n t e r f a ç a g e d e s y s t è m e s o p t i q u e s 

b i s t a b l e s e t i n s e r t i o n d a n s les s y s t è m e s n u m é r i q u e s ; 

• p o u r les s y s t è m e s : a r c h i t e c t u r e d e s s y s t è m e s p o u r l ' a u t o m a 
t i q u e e t le t r a i t e m e n t d ' i m a g e s . 

L e s l a b o r a t o i r e s e n g a g é s d a n s c e s a c t i v i t é s s o n t : 

• L a b o r a t o i r e d e P h y s i q u e e t A p p l i c a t i o n s d e s S e m i c o n d u c 
t e u r s 

• L a b o r a t o i r e d e S p e c t r o s c o p i e e t O p t i q u e d u C o r p s S o l i d e 

• L a b o r a t o i r e d e s S c i e n c e s d e l ' I m a g e e t T é l é d é t e c t i o n . 

L ' e n s e i g n e m e n t s e r a d o n n é d a n s le c a d r e d e s 2 e e t 3 e c y c l e s d e 

P h y s i q u e , a ins i q u ' à l 'Eco le d ' I n g é n i e u r s P h y s i c i e n s e t à l ' I .U .T . 

L o u i s P a s t e u r . 

P o u r t o u s r e n s e i g n e m e n t s , éc r i r e à : 

M a d a m e C O U L I B A L Y 
I n s t i t u t d e P h y s i q u e 
3 , r u e d e l ' U n i v e r s i t é 
6 7 0 0 0 S T R A S B O U R G 
F R A N C E 
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People 
and things 

Opposing points of view amongst scientists 

gathered at the intergovernmental 

conference in Paris in December 1951 

risked undermining the progress towards 

a European Laboratory. It was this 

Resolution, proposed by the Dutch 

delegation, which saved the day by offering 

something to all parties. 

On people 

UNESCO/NS/NUC/6 (Rev . 3) 

P a r i s , 19 December 1951. 

UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION 

Conference on the o rgan iza t ion of s tudies r e l a t i n g to 

the es tabl ishment of a European Nuclear Research Laboratory 

B a r i s , 17 - 21 December I 9 5 I 

3 -

h 

5 

6 -

Draf t Reso lu t i on proposed by the Netherlands Dologa t ion 

The Conference recommends : 

S e t t i n g up a Board of Represen ta t ives from the p a r t i c i p a t i n g 
c o u n t r i e s , w i t h headquarters i-n Geneva, t o supervise the programme 
embodied i n items 1 t o 5» 

Acoep t ing the o f f e r made by the United Kingdom r ep re sen t a t i ve t o 
use the L i v e r p o o l synchro-cyc lo t ron fo r i|00 MeV protons as an 
instrument t o be operated on a European b a s i s . 

A c c e p t i n g the o f f e r made by the Danish rep resen ta t ive to use the 
I n s t i t u t e of T h e o r e t i c a l Fhysics i n Copenhagen t o assomble a 
study group f o r t h e o r e t i c a l research on a European b a s i s . I t 
should provide t h e o r e t i c a l guidance fo r experimental work, to be 
c a r r i e d out wi th the machines. 

E s t a b l i s h i n g a planning group f o r an in termedia te machine. 

E s t a b l i s h i n g a planning group f o r a b i g machine. 

E s t a b l i s h i n g a planning group f o r the o rgan iza t ion of the European 
Labora tory f o r Nuclear Research. In t h i s Labora tory , the machines 
should be i n s t a l l e d and advanced s tudies should be c a r r i e d out. 

Theoretician Julius Wess of Karls

ruhe has been awarded a Leibnitz 

Prize and the prestigious Max 

Planck Medal of the German Phy

sical Society. This is partly in re

cognition of work on supersymme-

try carried out at CERN in collabo

ration with Bruno Zumino. 

Another Leibnitz Prize recipient is 

Albert Walenta of Siegen for his 

landmark contributions to the de

velopment of particle detectors, 

especially the drift chamber. The 

Leibnitz prizes are awarded by the 

Deutsche Forschungsgemeinschaft 

to stimulate and encourage frontier 

research. 

Gerson Goldhaber of the University 

of California and the Lawrence 

Berkeley Laboratory has been pre

sented with an honorary doctorate 

by the University of Stockholm. 

Goldhaber is currently visiting 

CERN, where he is collaborating 

in the UA 1 experiment at the pro

ton-antiproton Collider. 

American Physical Society Awards 

g ineer ing Research Counc i l and t he 

Socia l Sc ience Research Counc i l , 

Un i ted K i n g d o m ; LK-NES F o u n d a 

t i o n , Denma rk (pr ivate i n d u s t r y ) ; 

Ne ther lands Organ iza t ion f o r t he 

A d v a n c e m e n t o f Pure Research 

( Z . W . O . ) ; N o r w e g i a n Research 

C o u n c i l ; Républ ique e t C a n t o n de 

Genève , D é p a r t e m e n t de l ' Ins t ruc

t i on Pub l ique ; Un ive rs i t y o f M i l an , 

I ta l y ; V o l k s w a g e n F o u n d a t i o n , 

Federal Republ ic o f Ge rmany . 

After being attributed the Enrico 

Fermi Award (together with the 

late Stanley Livingston) by the US 

Department of Energy, Ernest Cou

rant of Brookhaven has been nom

inated as the first recipient of the 

new Robert R. Wilson Prize of the 

American Physical Society. The 

award comes in recognition of 

Courant's role in the invention of 

the strong focusing technique, and 

for his work in beam dynamics. It 

will be presented at the APS 

Spring Meeting. 
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EXPERIMENTAL 
HIGH ENERGY PHYSICS 

The Department of Physics at Indiana University invites 
applications for a tenure-track faculty position in experi
mental high-energy physics. 
The appointment is authorized at the assistant professor 
level, but the position may be upgraded to associate pro
fessor for a person wi th outstanding accomplishments. 
The high-energy physics group has an active program in 
accelerator-based experiments at SLAC (SLC: MARK-II 
and polarized beams), Fermilab (DO and E672) and 
Brookhaven (search for glueballs and hybrid states). 
To apply please send a complete vi ta, a description of 
research interests and accomplishments, a list of publi
cations and a minimum of three letters of reference t o : 

Professor A lex Dzierba 
Chai rperson, 
Search and Screen C o m m i t t e e 
Indiana Univers i ty , 
B l o o m i n g t o n , 
IN 4 7 4 0 5 . 

Applications should be received by Apr i l 15 , 1 9 8 7 . 
Indiana University is an Equal Opportunity/Affirmative 
Action Employer. 

An error was made in last month's advertisement. 
This position is not associated wi th the Indiana Uni
versity Cyclotron Facility. 

I S T I T U T O NAZIONALE Dl FISICA NUCLEARE 
(INFN) 

Five post-doctoral fellowships 
in theoretical nuclear 
and particle physics 

For one year, starting November 1987, for non Italian citizens. The suc
cessful applicants can pursue their research at any of the following Lab
oratories and Sections of INFN : 

• National Laboratories of Frascati (Rome) 
• National Laboratories of Legnaro (Padua) 
• National Southern Laboratory (Catania) 
• INFN Section of Turin 
• INFN Section of Genoa 
• INFN Section of Milan 
• INFN Section of Pavia 
• INFN Section of Padua 
• INFN Section of Trieste 
• INFN Section of Bologna 
• INFN Section of Florence 
• INFN Section of Pisa 
• INFN Section of Rome 
• INFN Section of Naples 
• INFN Section of Bari 
• INFN Section of Catania 
• INFN Section of Sanità (Rome) 

The annual gross salary will be 24.000.000 italian lire, corresponding to 
1.600.000 net italian lire each month, plus travel expenses from home 
institution to Laboratory or INFN Section and return. 
The application deadline is March 3 1 , 1987. 
Applicants should submit a curriculum vitae, including a list of publica
tions and three letters of reference. 
Send applications and requests for further information to : 

Prof. Nicola CABIBBO, 
President Nat ional Ins t i tu te 
of Nuclear Physics (INFN) 
Casella Postale, 5 6 
0 0 0 4 4 FRASCATI (Roma) ITALY. 

GSI DARMSTADT 
eine v o m Bund und d e m Land Hessen ge t ragene 
G r o s s f o r s c h u n g s e i n r i c h t u n g , die phys ika l i sche 
Fo rschung mi t e inem S c h w e r i o n e n b e s c h l e u n i g e r 
be t re ib t , such t fu r die P lanung , d e n Bau und Bet r ieb 
e ines supra le i tenden M a g n e t s p e k t r o m e t e r s 

Diplom-lngenieur (FH) 
Kz. 4 5 . 0 0 0 - 8 7 . 4 

Der B e w e r b e r soi l bei d e r t e c h n i s c h e n K o o r d i n a t i o n 
des Pro jek tes m i t w i r k e n . Bevo rzug t w i r d ein Ingé
nieur der Fachr ich tung K r y o t e c h n i k / H o c h v a k u u m -
techn i k , der neben so l iden Kenn tn i ssen und Er fah-
rung i nsbesonde re die ak t i ve Bere i t scha f t bes i t z t , 
s ich in die z u k u n f t s w e i s e n d e T e c h n i k der Supra le i -
t u n g e inzuarbe i ten . 

Die Bezahlung e r fo lg t nach d e m Bundesanges te l l -
t en ta r i f ve r t r ag . 

Mann l i che und we ib l i che B e w e r b e r haben g r u n d -
satz l ich g le iche Chancen . S c h w e r b e h i n d e r t e erha l -
t en bei g le icher E ignung den V o r z u g . 

Ihre B e w e r b u n g m i t den ub l ichen Un te r lagen r i ch -
t en Sie b i t te un ter A n g a b e der Kennz i f fe r a n : 

G e s e l l s c h a f t 
f u r S c h w e r i o n e n f o r s c h u n g M B H 
P e r s o n a l a b t e i l u n g 
P l a n c k s t r a s s e 1 - P o s t f a c h 1 1 0 5 5 2 
6 1 0 0 D a r m s t a d t - 1 1 

FACILITY OPERATIONS MANAGER 
T h e D e p a r t m e n t o f P h y s i c s a t t h e U n i v e r s i t y o f I l l ino is a t U r b a n a -
C h a m p a i g n h a s an i m m e d i a t e o p e n i n g f o r a Fac i l i t y O p e r a t i o n s 
M a n a g e r in i t s N u c l e a r P h y s i c s L a b o r a t o r y . T h e s u c c e s s f u l a p p l i 
c a n t w i l l b e r e s p o n s i b l e f o r m a n a g i n g t h e d a y - t o - d a y o p e r a t i o n 
o f o u r 1 0 0 M e V , 1 0 u A , 1 0 0 % d u t y f a c t o r e l e c t r o n a c c e l e r a t o r , 
i t s a s s o c i a t e d e x p e r i m e n t a l f a c i l i t i e s , a n d i t s t e c h n i c a l s u p p o r t 
s e r v i c e s . T h e s e s e r v i c e s i n c l u d e a n e l e c t r o n i c s s h o p , a m a c h i n e 
s h o p , a n d d r a f t i n g f ac i l i t i e s . 
O u r p r e s e n t a c c e l e r a t o r is a 9 - p a s s m i c r o t r o n . A p r o p o s a l f o r t h e 
c o n s t r u c t i o n o f a n e w a c c e l e r a t o r a t I l l ino is ( 4 5 0 M e V , 1 0 0 u A , 
1 0 0 % d u t y f a c t o r ) is p e n d i n g b e f o r e t h e N S F . T h e M a n a g e r w i l l 
h a v e a m a j o r ro le in t h e d e v e l o p m e n t , c o n s t r u c t i o n , a n d o p e r a 
t i o n o f t h i s n e w f a c i l i t y . 
W e s e e k an i n d i v i d u a l w i t h t e c h n i c a l e x p e r t i s e a n d a p t i t u d e , 
g o o d j u d g m e n t , a n d g o o d m a n a g e m e n t sk i l l s . T w o (2) y e a r s o f 
e x p e r i e n c e in m a n a g e m e n t a t a l a r g e - s c a l e a c c e l e r a t o r o r s i m i l a r 
h i gh l y t e c h n i c a l f a c i l i t y is h i g h l y d e s i r a b l e . M i n i m u m q u a l i f i c a 
t i o n s i n c l u d e a n u n d e r g r a d u a t e d e g r e e in e n g i n e e r i n g o r p h y s i c a l 
s c i e n c e . T h i s is a f u l l - t i m e p o s i t i o n o n t h e U I U C a c a d e m i c p r o 
f e s s i o n a l s t a f f . Sa la r y w i l l b e c o m p e t i t i v e , d e p e n d i n g o n t r a i n i n g 
a n d e x p e r i e n c e . T h e s t a r t i n g d a t e is S p r i n g o f 1 9 8 7 . F o r fu l l 
c o n s i d e r a t i o n , a p p l i c a t i o n s s h o u l d b e r e c e i v e d b y A p r i l 1 , 1 9 8 7 . 
I n t e r v i e w s m a y t a k e p l a c e p r i o r t o t h e a p p l i c a t i o n s d e a d l i n e ; n o 
f i na l d e c i s i o n , h o w e v e r , w i l l b e m a d e un t i l a f t e r t h a t d a t e . 
Fo r t e c h n i c a l i n f o r m a t i o n , c o n t a c t P ro f . R o b e r t A . E i s e n s t e i n , 
N u c l e a r P h y s i c s L a b o r a t o r y , U n i v e r s i t y o f I l l ino is a t U r b a n a -
C h a m p a i g n , 2 3 S t a d i u m D r i v e , C h a m p a i g n , I l l ino is 6 1 8 2 0 . T e l e 
p h o n e # 2 1 7 / 3 3 3 - 3 1 9 0 . 

T o a p p l y , p l e a s e s e n d r e s u m e s a n d t h e n a m e s o f t h r e e r e f e r 
e n c e s t o : M r . R a y m o n d F. B o r e l l i ( N F O M ) . 

D e p a r t m e n t o f P h y s i c s , 
U n i v e r s i t y o f I l l i n o i s a t U r b a n a - C h a m p a i g n , 
1 1 1 0 W e s t G r e e n S t r e e t , 
U r b a n a , I l l i n o i s 6 1 8 0 1 . 
T e l e p h o n e # 2 1 7 / 3 3 3 - 0 5 7 0 . 

The University of Illinois is an Affirmative Action / Equal Oppor
tunity Employer. 
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T. D. Lee - 'Happiness is when old friends 
come from far away'. 

(Photo M. Jacob) 

Bernard Frois of the Centre 
d'Etudes Nucléaires de Saclay and 
Ingo Sick of Basle have been 
named recipients of the 1987 Tom 
W. Bonner Prize Tor their elegant 
studies of nuclei using high energy 
electron scattering. In particular, 
their precision measurements of 
nuclear charge and current densi
ties have offered novel perspec
tives on ground states and valence 
orbitals. Their studies of few-nu-
cleon systems have demonstrated 
the need for subnucleon degrees 
of freedom in a complete descrip
tion of the nucleus. This body of 
work has provided firm bench
marks against which to test our 
understanding of the nuclear many-
body problem. ' 

R. Baxter of the Australian National 
University has been named reci
pient of the 1987 Dannie Heineman 
Prize for Mathematical Physics Tor 
his novel use of mathematical ana
lysis to solve in exact analytical 
form problems of fundamental 
importance in statistical mechanics 
relating directly to cooperative 
phenomena, phase transitions and 
quantum field theory. ' 

John lliopoulos of Ecole Normale 
Supérieure and Luciano Maiani of 
Rome have been named recipients 
of the 1987 J. J. Sakurai Prize Tor 
their work on the weak interactions 
of charmed particles, a crucial step 
in the development of the modern 
theory of the fundamental interac
tions. ' 

Louise Dolan of Rockefeller Univer
sity has been named recipient of 
the 1987 Maria Goeppert-Mayer 
Award Tor her work on the theory 
of elementary particles, particularly 
for the identification and study of 
Kac-Moody algebras and their ap
plications to Yang-Mills fields and 
relativistic string theory. ' 

T. D. Lee Symposium 

A symposium to celebrate the six
tieth birthday of T. D. Lee and to 
commemorate the thirtieth anni
versary of the discovery of parity 
(left-right symmetry) nonconserva-
tion was held at Columbia in No
vember. A distinguished lineup of 
speakers and chairpersons re
flected T. D. Lee's physics inter
ests and background. His own 
speech was poignantly entitled 
Happiness is when old friends 

come from far away'. 

Protvino workshop 

Last year's traditional annual sum
mer Workshop on High Energy 
Physics and Field Theory was held 
in Protvino near Serpukhov, USSR, 
under the sponsorship of the Insti
tute for High Energy Physics. 

The wide range of items and 
highly informal atmosphere at the 

summer Protvino workshops al
ways attract participants not only 
from Soviet institutions but also 
from abroad. 

This time the Workshop started 
with the superstring theories (Bon-
ora, Perelomov, Pron'ko, Isaev et 
al.), then proceeded through clas
sical (Logunov et al.) and quantum 
gravity cosmological aspects of 
the field theory (Abbott, Tkachev 
et al.), theory and phenomenology 
of supersymmetry (Volkov, Zino-
viev et ai), composite models (Pi-
rogov, Farhi, Andrianov et al.) and 
finished with numerous discussions 
in soft and hard quantum chromo-
dynamics, including nuclear as
pects and quark-gluon plasma (Ar-
buzov, Matveev, Petrov, McLerran, 
Levin, Smirnov et al.). In total more 
than 50 talks were presented. 

Future Protvino summer meet
ings hope to retain the fortunate 
combination of theoretical ideas 
and front line phenomenology. 

( F r o m V . A . P e t r o v ) 
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UNIVERSITY OF OXFORD 
Department of Nuclear Physics 

Appointment 
of Research Officer 

and Postdoctoral 
Research Associates 

A p p l i c a t i o n s a re i n v i t e d f o r t h e a b o v e p o s t s f r o m e x p e r i m e n t a l 
p h y s i c i s t s w h o h o l d a Ph D d e g r e e . T h e r e s e a r c h p r o g r a m m e o f 
t h e D e p a r t m e n t i n c l u d e s : 
• E x p e r i m e n t s a t t h e N u c l e a r S t r u c t u r e Fac i l i t y , D a r e s b u r y 
• D e t e r m i n a t i o n o f n e u t r i n o m a s s u s i n g t r i t i u m b e t a - d e c a y 
• S o l a r n e u t r i n o d e t e c t i o n 
• P r o t o n d e c a y ( S o u d a n II) 
• P r e p a r a t i o n f o r t h e DELPHI e x p e r i m e n t a t LEP (CERN) a n d t h e 

Z E U S e x p e r i m e n t a t H E R A (DESY) 
• D e v e l o p m e n t o f c r y o g e n i c d e t e c t o r s f o r d a r k m a t t e r 

s e a r c h e s 
• D e v e l o p m e n t o f p r e c i s i o n p r o t o n m i c r o p r o b e a n d a p p l i c a t i o n s 

in m a t e r i a l s c i e n c e s , m e d i c i n e , e a r t h a n d b i o l o g i c a l s c i e n c e s 

T h e a p p o i n t m e n t s w i l l b e f o r t h r e e y e a r s in t h e f i r s t i n s t a n c e , a n d 
s a l a r y w i l l b e o n t h e U n i v e r s i t y L e c t u r e r s c a l e f o r t h e R e s e a r c h 
O f f i c e r ( £ 8 , 0 2 0 t o £ 1 6 , 7 6 0 ) a n d t h e R e s e a r c h S u p p o r t G r a d e 
1 A sca le ( £ 8 , 0 2 0 t o £ 1 2 , 7 8 0 ) f o r t h e R e s e a r c h A s s o c i a t e s . 
B o t h s c a l e s a re c u r r e n t l y u n d e r r e v i e w , a n d s t a r t i n g sa la r i es w i l l 
b e a c c o r d i n g t o a g e a n d e x p e r i e n c e . 

A p p l i c a t i o n s w i t h a C u r r i c u l u m V i t a e , s t a t e m e n t o f r e s e a r c h 
i n t e r e s t s a n d t h e n a m e s a n d a d d r e s s e s o f t w o r e f e r e e s s h o u l d 
b e s e n t t o : 

M r . A . J o n e s , 
G e n e r a l A d m i n i s t r a t o r , 
D e p a r t m e n t o f N u c l e a r P h y s i c s , 
K e b l e R o a d , 
O x f o r d 0 X 1 3 R H 

b y 2 8 M a r c h 1 9 8 7 . 

Continuous Electron Beam 
Accelerator Facility 

ACCELERATOR SCIENTISTS 
L o c a t e d in N e w p o r t N e w s , V i r g i n i a , t h e C O N T I N U O U S ELEC

T R O N B E A M A C C E L E R A T O R F A C I L I T Y (CEBAF) is b u i l d i n g a 

4 G e V h i g h i n t e n s i t y , c o n t i n u o u s b e a m e l e c t r o n a c c e l e r a t o r f o r 

n u c l e a r p h y s i c s r e s e a r c h . T h i s m a c h i n e w i l l be a 4 - p a s s 

r e c i r c u l a t i n g e l e c t r o n l inac u t i l i z i n g s u p e r c o n d u c t i n g RF 

t e c h n o l o g y a n d w i l l p r o v i d e a b e a m o f e x c e p t i o n a l l y l o w 

e m i t t a n c e a n d e n e r g y s p r e a d . A c c e l e r a t i o n w i l l be p r o v i d e d b y 

4 1 8 f i v e - c e l l , 1.5 G H z s u p e r c o n d u c t i n g c a v i t i e s , e a c h f e d w i t h 

< 5 k W a v e r a g e RF p o w e r . T h e A c c e l e r a t o r P h y s i c s D i v i s i o n 

o f C E B A F has s t a f f p o s i t i o n s a t v a r i o u s leve ls f o r a c c e l e r a t o r 

s c i e n t i s t s w i t h e x p e r t i s e in t h e f o l l o w i n g : 

• a c c e l e r a t o r o p e r a t i o n s 
• m a g n e t d e s i g n 
• i n j e c t o r d e s i g n 
• t r a n s p o r t o p t i c s a n d b e a m d y n a m i c s 
• RF a n d f e e d b a c k 
• i n s t r u m e n t a t i o n a n d c o n t r o l 
• c o l l e c t i v e e f f e c t s 
• E & M c a l c u l a t i o n s a n d c a v i t y d e s i g n 
• c o m p u t e r s i m u l a t i o n 

I n t e r e s t e d a p p l i c a n t s s h o u l d s u b m i t a c u r r i c u l u m v i t a e , l is t o f 

p u b l i c a t i o n s a n d t h r e e p r o f e s s i o n a l r e f e r e n c e s t o : 

P e r s o n n e l D i r e c t o r 
C E B A F 
1 2 0 7 0 J e f f e r s o n A v e n u e 
N e w p o r t N e w s , V A 2 3 6 0 6 

CEBAF is proud to be an Equal Opportunity Employer. 

teCroy 
W e are a division of a multinational Company, a wor ld 
wide leader in state of the art electronic instrumentation 
for physics, chemistry and industrial laboratory applica
t ion. 

Our Company, established in Geneva since 1972, is spe
cialized in designing, manufacturing and marketing very 
high performance digital oscil loscopes. 

For the liaison between Operations and Research & De
velopment, we seek an 

EPFL / EPFZ ENGINEER 
OR PHYSICIST 

• Excellent knowledge of high speed analog & digital 
techniques 

• Experience in an industrial operation environment 

For our Research & Development Department, we 
seek a 

SENIOR MICROWAVE 
ANALOG DESIGNER 

• EPFL/EPFZ or equivalent, 5 to 8 years of design expe
rience in very high frequency analog design 

• Interest in hybrid/monolithic implementation 

For our Research & Development Department, we 
seek a 

PACKAGING ENGINEER 
• ETS or equivalent in mechanical engineering 

• Several years of experience in the design of instrument 
enclosures 

For our E.D.P. Department we seek a 

HARDWARE SPECIALIST 
with 

• an experience wi th DEC equipment 
(VAX 11-750/785) 

• a background in international network systems 

If you are willing to accept a new challenge and believe 
that you could qualify for the above-mentioned posit ion, 
please send us your complete application to the attention 
of "Personnel Department". 

LeCroy S.A. 
101, route du Nant-d'Avril 

1217 Meyrin 1 
Phone: 022/82 33 55 
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18-year old Janne Wallenius wins the 
48 000 Swedish kronor (about 12 000 
Swiss francs) jackpot in the Swedish TV 
programme 'Quits or Doubles' answering 
questions on particle physics. 

(Photo Pressens Bild AB) 

Saturday night 
physics fever 
Towards the end of last year, over 
four million Swedes sat glued to 
their TV sets four Saturday nights 
in a row to follow the progress of 
18-year old Janne Wallenius who 
eventually walked off with the 
48 000 Swedish kronor (about 
12 000 Swiss francs) jackpot in 
'Quits or Doubles', the nation's 
most popular TV series, after 
bravely battling with questions on 
particle physics. 

On his way to the big money 

Janne had to negotiate a tricky 
sequence of questions, compiled 
by Sverker Fredriksson of Stock
holm 's Royal Institute of Technol
ogy, concluding with a six-part 
grilling on the discovery of the W 
and Z carriers of the weak nuclear 
force (not yet in most of the text
books). 

Janne's performance and the 
courage of Swedish TV in taking 
up such a 'difficult' topic were 
widely applauded in both the press 
and in the universities. In addition 
to the cash came invitations to 
visit CERN and other major world 
Laboratories. 

Meetings 

The 1987 International Cryogenic 
Materials Conference and Cryo
genic Engineering Conference will 
be held from 14-18 June at St. 
Charles, Illinois, hosted by nearby 
Fermilab. The seventh joint meet
ing of its kind, it is a multidiscipli-
nary event with contributions from 
materials scientists, metallurgists, 
physicists and engineers. Further 
information from W.B. Fowler, 
Fermi National Accelerator Labo
ratory, PO Box 500, MS 347, Ba
tavia IL 60510, USA. 
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UNIVERSITY 
OF 

GENEVA 

The D e p a r t m e n t o f Nuclear and Part ic le Phys ics has 
an open ing f o r a pos i t i on o f 

RESEARCH ASSOCIATE 
(maître-assistant) 

t o jo in a g r o u p par t i c ipa t ing in the L3 e x p e r i m e n t at 
LEP. The cand ida te m u s t have a Ph. D. or equ i va 
lent exper ience in h igh ene rgy phys i cs . 

Th is is a n o n p e r m a n e n t pos i t i on l im i ted t o a m a x i 
m u m o f 6 yea rs . 

A p p l i c a t i o n s shou ld be sen t be fo re Ap r i l 15 t o : 

Pro f . E. H e e r , D i r e c t o r 
o f D é p a r t e m e n t d e p h y s i q u e 
n u c l é a i r e e t c o r p u s c u l a i r e 
2 4 , q u a i E r n e s t - A n s e r m e t 
C H - 1 2 1 1 G e n e v a 4 
S w i t z e r l a n d 

UNIVERSITY 
OF TORONTO 

T h e D e p a r t m e n t o f Phys ics p lans t o m a k e 

several tenure-stream 
appointments 

in the nex t f e w yea rs , o f w h i c h at least one w i l l be in 
Exper imenta l H igh Energy Phys ics . 

In an t i c ipa t i on , t he D e p a r t m e n t inv i tes app l i ca t i ons 
f o r th is pos i t i on f r o m qual i f ied cand ida tes f o r 
NSERC Un ive rs i t y Research F e l l o w s h i p s , w h i c h 
cou ld beg in Ju ly 1, 1 9 8 8 . NSERC Un ive rs i t y Re
search Fe l lows m u s t be Canad ian c i t izens or per 
m a n e n t res iden ts . Fe l l ows car ry ou t resea rch , s u 
perv ise g radua te s t u d e n t s and have teach ing loads 
c o m p a r a b l e t o s ta r t i ng ass i s tan t p r o f e s s o r s . 

Success fu l cand ida tes m a y in spec ia l c i r c u m s t a n 
ces be c o n s i d e r e d d i rec t l y f o r a t e n u r e - s t r e a m p o s i 
t i on as ass is tan t p r o f e s s o r s . 

A p p l i c a t i o n s , cons i s t i ng o f a C V , l ist o f pub l i ca 
t i o n s , s u m m a r y o f research i n te res t s , a de ta i led 
research p r o p o s a l , and t he n a m e s o f t h ree (3) re fe
rees shou ld be sen t be fo re June 1 , 1 9 8 7 t o : 

P r o f e s s o r R.E. A z u m a 
C h a i r m a n , D e p a r t m e n t o f P h y s i c s 
U n i v e r s i t y o f T o r o n t o 
T o r o n t o , O n t a r i o , C a n a d a M 5 S 1 A 7 . 

CONTINUOUS ELECTRON B E A M 
ACCELERATOR FACILITY 

N e w p o r t N e w s , Virginia 

SUPERCONDUCTING 
RF TECHNOLOGY 

T h e C o n t i n u o u s E l e c t r o n B e a m A c c e l e r a t o r Fac i l i t y (CEBAF) is 
b u i l d i n g a s u p e r c o n d u c t i n g 4 - G e V , h i g h - i n t e n s i t y , c o n t i n u o u s 
b e a m e l e c t r o n a c c e l e r a t o r f o r n u c l e a r p h y s i c s r e s e a r c h . T h i s 
f o u r - p a s s r e c i r c u l a t i n g l i nac , t h e l a r g e s t - s c a l e a p p l i c a t i o n t o d a t e 
o f s u p e r c o n d u c t i n g r f t e c h n o l o g y , w i l l p r o d u c e a b e a m o f 
e x c e p t i o n a l l y l o w e m i t t a n c e a n d e n e r g y s p r e a d . A c c e l e r a t i o n 
w i l l b e p r o v i d e d b y 4 1 8 f i v e - c e l l , 1 .5 -GHz s u p e r c o n d u c t i n g c a v i 
t i e s , e a c h f e d w i t h < 5 k W a v e r a g e r f p o w e r . 

T h e S u p e r c o n d u c t i n g RF T e c h n o l o g y d i v i s i o n o f C E B A F w i l l 
a l s o b e e n g a g i n g in an a c t i v e r e s e a r c h a n d d e v e l o p m e n t p r o 
g r a m t o a d v a n c e t h e s t a t e o f t h e a r t . 

T h e S u p e r c o n d u c t i n g RF T e c h n o l o g y d i v i s i o n h a s s t a f f p o s i 
t i o n s f o r s c i e n t i s t s , t e c h n i c a l a s s o c i a t e s , a n d e n g i n e e r s w i t h 
e x p e r t i s e in t h e f o l l o w i n g : 

• SRF t e c h n o l o g y 
• s u p e r c o n d u c t i n g c a v i t i e s a n d c r y o s t a t s - i.e. d e s i g n , 

d e v e l o p m e n t , o p e r a t i o n , a n d m a i n t e n a n c e 
• r e c i r c u l a t i n g e l e c t r o n l inear a c c e l e r a t i o n 
• q u a l i t y a s s u r a n c e 
• d e s i g n i n g e l e c t r i c a l , e l e c t r o n i c , c o m p u t e r , m e c h a n i c a l , 
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A Topical Seminal on Heavy Fla
vours will be held in San Miniato, 
Tuscany, from 25-29 May, follow
ing a successful meeting on Tew 
and Many Quark Systems' held 
there two years ago. Further infor
mation from Topical Seminar Se
cretary, Dipartimento di Fisica, 
Université di Bologna, Via Irnerio 
46, 40126 Bologna, Italy. 

An international conference mark
ing the 40th anniversary of the 
discovery of the pion is being held 
in Bristol, UK, from 22-24 July. 
Further information from B. Foster, 
University of Bristol, H. H. Wills 
Physics Laboratory, Royal Fort, 
Tyndall Avenue, Bristol, BS8 1TL, 
UK. 

The fifth Conference on Real-Time 
Computer Applications in Nuclear, 
Particle and Plasma Physics will 

The Birth 
of Particle Physics 
In May 1980, an International 
Symposium on the History 
of Particle Physics held at 
Fermilab traced the evolution 
of elementary particle physics 
from cosmic ray and nuclear 
physics during the years 
1930-50, and the parallel 
development of relativistic 
quantum field theory which 
underpins its interpretation. 
This material has been care
fully and imaginatively edited 
into a book 'The Birth of Par
ticle Physics' by the organ
izers of the Symposium, Lau
rie M. Brown of Northwestern 
and Lillian Hoddeson of Urba-
na-Champaign and Fermilab. 
It is published by Cambridge 
University Press. 

be held from 11-15 May in San 
Francisco, preceded by a short 
course on Laboratory Network 
Systems. The Conference pro
gramme concentrates on laborato
ry experimental systems. Further 
information from Dennis W. 
O'Brien, Electronics Engineering 
Department, Lawrence Livermore 
National Laboratory, PO Box 5504, 
Livermore, CA 94550, USA. 

Proca Jubilee 

A special symposium at the Uni
versity of Timisoara, Roumania, in 
November marked the 50th anni
versary of the landmark contribu
tions to the physics of vector fields 
by the Roumanian theoretician 
Alexandru Proca (1897-1955). At 
the meeting, prominent physicists 
from Timisoara, Bucharest, Brasov 
and Jassy described Proca's work 
and its implications for modern 
field theory. 

New award 

The Computer Applications in Nu
clear and Plasma Sciences Techni
cal Committee of the Nuclear and 
Plasma Physics Society, US Insti
tute of Electrical and Electronics 
Engineers, has set up a new indi
vidual award 'for outstanding pro
fessional contributions to the pro
fession of using computers in nu-

, clear and/or plasma scientific re
search', regardless of nationality. 
Those interested in making a nom
ination can get further information 
from Dr. Lester Welch, Argonne 
National Laboratory, Physics Divi
sion 203/G-125, Argonne, Illinois 
60439-4843 USA. 

X-ray 
microprobe 
A resolution of better than 
10 microns, with a high 
enough intensity to measure 
trace concentrations of 
atomic elements, has been 
obtained using a new X-ray 
microprobe designed at Ber
keley. 

In tests at Brookhaven the 
new microprobe measured 
the concentration and spatial 
distribution of many elements 
quickly and simultaneously 
in a sample area of less than 
100 square microns. An even 
higher resolution appears 
possible in the near future. 
In a 300 second counting 
time, picogram quantities of 
elements from potassium to 
zinc were measured. 

Working at Brookhaven's 
National Synchrotron Light 
Source, the research team 
obtained a 10 micron by 10 
micron focal spot of 10 keV 
X-rays, with an intensity of 
100 million photons per se
cond. The beam was focused 
by a pair of multilayer-coated 
mirrors and the characteristic 
spectral lines from elements 
in the sample were recorded 
by a lithium-drifted silicon 
detector. 

The mirrors to focus the 
X-rays consist of standard 
fused-silica mirrors with alter
nate layers of sputtered 
tungsten and carbon. 

Unlike electron micro-
probes, the new probe does 
not require that samples be 
placed in a vacuum. Conse
quently it permits a wider 
variety of samples, including 
living biological specimens, 
to be studied. 

So far it has been used in 
a medical study to reveal the 
distribution of toxic concen
trations of trace elements in 
biological tissue, and to lo
cate internal cracks and flaws 
in ceramics. An experiment 
using the new microprobe 
to reveal the geological his
tory of rocks is scheduled to 
get under way soon. 
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A spectacular i l lustrated journey 
into the s u b a t o m i c w o r l d 

T H E P A R T I C L E 
E X P L O S I O N 

b y F r a n k C l o s e • M i c h a e l M a r t e n 
a n d C h r i s t i n e S u t t o n 

• T h e f i r s t m a j o r i l l u s t r a t e d b o o k o n 

p a r t i c l e p h y s i c s 

• A u n i q u e c o l l e c t i o n o f p i c t u r e s , b o t h 

h i s t o r i c a l a n d f r o m t h e l a t e s t e x p e r i m e n t s 

• A c o l l a b o r a t i o n o f d i s t i n g u i s h e d a u t h o r s 

• L e n g t h y c a p t i o n s p r o v i d e a d e t a i l e d 

h i s t o r i c a l a c c o u n t o f t h e c o u r s e o f 

e x p e r i m e n t a l p a r t i c l e p h y s i c s 

• C o m p r e h e n s i b l e t o t h e g e n e r a l 

r e a d e r - n o m a t h e m a t i c s is u s e d 

The Particle Explosion is a lavishly i l lustrated guide 
to the subatomic wor ld discovered by physicists 

during the last hundred years. In lucid, 
s t ra ight forward language, the authors describe the 
fundamenta l discoveries and the developments in 

equipment wh ich have led to our current 
understanding of the nature of matter in the 

Universe and the forces wh ich govern its behaviour. 
A n d they give detai led, non-technical 'portrai ts ' of 

all the major subatomic particles, f rom the electron, 
pro ton, and neutron, th rough to quarks. 

The book contains almost 300 photographs of the 
leading personalities in the f ield, the increasingly 

vast and complex machines they use, and the 
striking images of tracks produced by the particles 
themselves. It is the first book to bring together, 

and to present in the style they deserve, the classic 
images of particle tracks produced wi th cloud 

chambers, photographic emulsions, bubble 
chambers, and modern electronic detectors. 

0 19 851965 6, 240 pages, Over 300 line, halftone, 

and colour illustrations 

January 1987 £15 

O X F O R D U N I V E R S I T Y P R E S S 

f (UJÊKfl) 

E o u 

Manufacturing Line 
- Cryogenic Valves 

- Bellows seal Valves 

- Cryogenic Transferline 

Coupl ings 

- Cryostats and Ejectors 

- Tailor made Cryogenic 

Components 

Cryogenic Control Valve 
pneum. operated with 

electro-pneumat ic positioner 

and limit swi tches 

W E K A L t d . 

Hofstrasse 8, C H - 8 6 2 0 Wetzikon, Switzerland 

Phone 01 /932 23 02, Telex 8 7 5 744 

Fax 01 /932 43 03 
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Electronic Mail 

One of the illustrations from 'The Particle 
Explosion' — an event from the UA1 
detector at CERN's proton-antiproton 
Collider, showing the decay of a Z° into 
two electrons (yellow tracks). 

(P. Lofez, CERN) 

The Particle Explosion 

Many people, even some of 
those involved in the field, think 
that particle physics is a difficult 
subject that delves into an in
visible subatomic world, where 
quantum theory rules and cher
ished notions from everyday 
experience no longer hold. Some 
'popularizers' of the subject 
even seem to encourage the 
idea that particle physicists are 
somehow losing touch with 
reality. Yet anyone who works 
at CERN, or any of the other 
labs, knows that particle physics 
is immensely practical. It in
volves large experiments in 
which physicists go to great 
lengths to study the reality of 
particle physics. A recently pub
lished book attempts to bring 
this reality to a wider audience. 

In January, Oxford University 
Press published T h e Part ic le 
E x p l o s i o n ' , a highly illustrated 
account of the development of 
particle physics, from the work 
of Thomson and Rutherford in 
the late 19th century, to the 
present day. It is written by 
theoretician and popular lecturer 
and broadcaster Frank Close-
Christine Sutton, well known 
for her physics writing, especial
ly in N e w Sc ien t i s t ; and Michael 
Marten who runs the Science 
Photo Library in London. 

The book contains almost 
300 photographs, many in co
lour, of the leading personalities 
in the field, the machines and 
apparatus they use, and many 
specially prepared images of 
particle tracks. 

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

GFR. DB@GEN. BITNET 

Stanford Collider 
gets ready 

At the end of January, electrons 
were accelerated in the two mile 
Stanford linear accelerator to 
50 GeV, the energy required for 
the Stanford Linear Collider (SLC) 
project. 

This was achieved with some 
24 of the 30 accelerator sectors 
equipped with new high power 
klystrons; the rest of the sectors 
were still operating with 'old' klys
trons. The remaining sectors will 
soon be converted to the new 
tubes, and there should be little 
difficulty in producing Zs (mass 
93 GeV) in electron-positron colli
sions at the SLC. The plan is now 
to run the big linac routinely at 
47 GeV. Running at 43 GeV, the 
linac produced single bunches of 
1.5 x 1010 electrons whose behav
iour conformed with design values. 

Beam has been transmitted from 
the end of the linac through the 
north arc of the collider as far as 
the reverse bend section (1A of 
north arc) with total transmission. 

The north (electron) damping 
ring is in routine operation and the 
south ring is being prepared for 
positrons. Positron production has 
been measured and the beam sent 
back to the linac, and accelerated 
in sector 1. 
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Uddcomb manufactures 
the 300 tons support 
to the LEP 2 Station 

magnet for Cern. 

B o x 523, S-371 23 K A R L S K R O N A , S w e d e n 
P h o n e : + 46 (0)455 247 20, Te le fax + 46 (0)455 262 46, Te lex 43113 

KONTRQN ELECTRONICS range  
now includes the products of JO- 
FRA, the leading manufacturer of  
portable calibrators for genera 
ting reference temperatures and  
pressures, which can be set to 
the desired temperature in a few 
minutes. 

A set of sleeves ensures the best 
possible contact. 

REFERENCES 
JOFRA 

Ask for 
our detailed 
prospectus. m 

Speci f icat ion 

Temperatures : • up to 200 °C 
• upto600°C • - 5 0 + J5°C 
• 0°C 

Pressures : • 6 models 
• 0 - 1000 bar 
• Peak and average measurement 
• Overpressure alarm 
• Reference pressure generation 

J à KONTRON 
H ELECTRONIC 

Kontron Electronic AG 
Electronics 
Bernerstrasse Slid 169 
8010 Zurich 
Telefon 01/435 4111 

Kontron Electronic SA 
Electronics 
10, ch. des Croisettes 
1066 Epalinges 
Téléphone 021/3315 35 
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Spectral Response 
(Typ. at 25 C) 
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Let Hamamatsu Large-Area 
P IN Photodiodes e x p a n d 
y o u r des ign hor izons. 
N o w y o u can t h i n k a l i t t le b i g g e r 
w h e n you ' re d e s i g n i n g i ns t r umen ts 
for sc in t i l la t ion d e t e c t i o n a n d p re 
c is ion pho tome t r y . T h e s e c o m p a c t 
s i l i con p h o t o d i o d e s f ea tu re large, 
u n i f o r m sens i t i ve areas, f r o m 
1.2x29.1 to 1 0 x 2 0 m m . Yet t h e y 
exh ib i t impress ive e n e r g y reso lu t i on , 
h igh stabi l i ty, low d a r k c u r r e n t a n d 
h igh s p e e d t i m e r e s p o n s e . I dea l l y 
su i ted fo r op t i ca l c o u p l i n g w i t h 
sc in t i l la tors s u c h as B G O crys ta ls . 
C u s t o m s izes are a lso ava i lab le . 

For a p p l i c a t i o n i n f o r m a t i o n , 
Call 1 - 8 0 0 - 5 2 4 - 0 5 0 4 
1-201-231-0960 in New Jersey 

HAMAMATSU CORPORATION • 360 FOOTHILL ROAD, P. O. BOX 6910, BRIDGEWATER, NJ 08807 • PHONE: 201/231-0960 

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

© Hamamatsu Corporation, 1986. 
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THE BEST. 
in automation 

ModiFy 
# Segments 

Set Ch 1 
Attenuator 
Set Ch2 
Attenuator 

D U A L 1 2 5 M H z D I G I T A L O S C I L L O S C O P E 

ACQUISITION PARAMETERS 

VERTICAL Chan 1 

DISPLAY C O N T R O L 

Fixed V/div 
Total V/div 
OFFset 
Coupling 

5mV xlO 
84.5mV 
254.OmV 
AC 1 MQ 

Delay 
Level 
Coupling 
Source 
Slope 

50.07. Pre 
.80 V 
DC 

EXT 

1 VxlOO 
115 V 
-342 V 
AC 1 MQ 

Time/div 
Time/pnt 
Points/div 
Interleaved 
Sampling 
BW-Limit 
# Segments 
For SEQNCE 

Trigger Level has absolute meaning with DC-Coupling only 

J SELECT VERT GAIN 

1^ 1 ^ ; 

CURSOR POSIT IONS 

REFERENCE DIFFERENCE 

TIME MAGNIFIER POSITION 

ACKOHI » J ^ - , i «• J WHO -

J i Q Q 

T25 MHz 8W; 700 MS/s ADCs; 5 GS/s Interleaved 
± 1% Accuracy; Summation and Continuous Averaging; 

PROGRAMMABILITY. All settings of the 9400 Digital Oscilloscope are pro
grammable; you can operate the instrument in unattended areas or as a 
computer-aided testing station. You can redifine the softkeys and send mes
sages to the display, in order to step inexperienced operators through com
plex test procedures. And even without a computer you can store and 
quickly reproduce up to eight front-panel setups, for your most common 
measurements. 

SIGNAL CAPTURING. Long 32 k memories and versatile programmable 
triggering makes capturing any signal sure and easy. Pre-trigger sampling 
over 32,000 samples captures not only the triggering signal but also its 
cause. Post-trigger delay is programmable up to 10,000 divisions. 
INTERFACING. Unequalled computer interface capability is provided by one 
GPIB (IEEE-488) and two RS-232C ports. Simple English commands send 
any portion or all of data record to a computer at speeds as high as 400 
kbyte/sec. 
ARCHIVING. On-board firmware makes archiving of measurement results by 
a digital plotter fast and easy. The entire display may be dumped in any size 
to a wide range of high-resolution multicolor plotters — ready for publication 
or immediate presentation. 

* A n d there is much more to say about this versatile and cost effective 
DSO. Call us now. . . for details and a demonstrat ion! ! 

Sampling; 128 k Waveform Memory; 
Arithmetic Processing; Fully Programmable. 

LsCroy 
Elms Cour t , Bot ley , O x f o r d O X 2 9LP, (0865) 7 2 7 2 7 5 ; G e n e v a , Sw i t ze r l and , (022) 
8 2 3 3 5 5 ; S p r i n g Val ley, NY 10977 , USA , (914) 4 2 5 2 0 0 0 ; H e i d e l b e r g , West G e r m a n y , 
( 06221 ) 4 9 1 6 2 ; Les Ul is, (1) 6 9 0 7 - 3 8 9 7 ; R o m e , I taly, (06) 3 2 0 - 0 6 4 6 . 
R e p r e s e n t a t i v e s t h r o u g h o u t t h e w o r l d . 
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Channe l 2 
35 .00V 

Î C h i .2 V " 
T / d i v 2JJS C h 2 5 V * 
T r i g ± 3.50 d i v +CHAN 2 = 

S S S S E I S J S S 

Time 24.804 

I I L Channe l 2 

f "J H -834 mV 
C h i .2 V -

T / d i v 10JJS C h 2 > . 2 V " 
T r i g - . 3 2 d i v + CHAN 2 = 

Scope: Acquisition Parameters listing enables the 9400 user to 
precisely set and check front panel settings, all of which can be 
remotely controlled. 

Upper inset: Window mode trigger set at ± 3,5 divs from center 
grid captures switching transient. 50% pre-trigger shows contact 
bounce prior to trigger moment. 

Lower inset: Crosshair marker, acting as a precise timer and DVM, 
gives time from trigger (arrow) and absolute voltage. 
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