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LeCrov on-line 
Ar i thmet i c Logic Unit 

Jo ins ECLine 
The ECLine Series of programmable logic and trigger processing units 
is expanding with the Model 2378 Arithmetic Logic Unit (ALU). The 
ALU provides for 16-bit Arithmetic or Logical operations, and is fully 
compatible with other LeCroy ECLine trigger processor and data 
handler modules. 
The arithmetic operation can be selected via ECL bus or CAMAC. Total, 
distributed or partial energy sums from calorimeters are covered by 
ADDITION (2-operand) or SUMMATION (single sequential operands). 
Bit-by-bit AND's, OR's or Exclusive OR's may be used in pattern 
recognition and track matching. At a speed of 50 nsec per operation, 
the Model 2378 is a fast and powerful trigger and data acquisition 
system element. 

Increased 
Readout Rate 
for FASTBUS 

The FASTBUS Model 1821 Segment Manager/Interface has been 
enhanced with an improved hardware block-read circuit. For example, 
the readout speed for the LeCroy 1870 Series TDC's has been 
increased from 18 megabytes/sec to greater than 30 megabytes/sec 
The improvements were made possible by modifying the hardware 
block-read circuit to function in the block transfer mode. Further 
enhancements in the Series 1880 ADC's will permit similar readout 
rates. 

1.3 GS/sec Recorder 
Solves Detector 

Deve lopment 
Prob lems 

A new dimension of time and amplitude studies for detector 
development is now possible with LeCroy's Model 6880 
1.3 Gigasample/sec Waveform Recorder. An 8-bit sample is recorded 
every 740 psec and single-shot or repetitive waveforms are stored into 
a 10,000 sample memory. 
The 6880 works with the Model 6010 MAGIC (Manual and Automatic 
General Purpose Interface to CAMAC) Controller as a stand-alone 
digital oscilloscope or as a programmable waveform recorder under 
either manual or remote control. Both GPIB (IEEE-488) and RS-232-C 
interfaces are available. Multiple Model 6880s for multichannel 
recording may be combined with a 6010 in either the Model 1434A 
CAMAC Crate or 8013A Minicrate. 

FASTBUS TDC's Read 
Shor t Records 

For drift chamber applications in High Energy and Heavy-Ion Physics, 
the LeCroy 1870 Series TDC is unmatched in performance. In addition 
to its 4 nsec multiple hit recognition capability and better than 
subnanosecond resolution, the 1870 Series TDC has programmable 
readout depth for short drift times. This feature permits drift times less 
than 1 microsecond to be read out faster, increasing the overall 
acquisition rate. 

LeCroy on-line 2: 1986 

Call or write for details: 

700 South Main Street, Spring Valley, NY 10977, USA 
Tel: (914) 578-6013 TWX: 710-577-2832 LeCroy 

Route du Nant-d'Avril 101, CH-1217 Meyrin 1-Geneva, Switzerland 
Tel: (022) 82 33 55 Telex: 28230 Innovators in Instrumentation 
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Cover photograph: 
Detail from a striking exhibition of photographs of 17th Century Nea
politan paintings presented at CERN earlier this year. The exhibition was 
one of many activities of the Istituto Italiano per gli Studi Filosofici which 
cross the cultural boundries between the arts and science — see page 
39. (Photo Mimmo lodice) 
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INTO YOUR THINKING 
N E O H M Elettronica is a Company with specialized customizing capability. 

The effectiveness of this service depends on a continuous dialogue with our clients, 
who share their planning with us, so that, in our turn, we can make available the 
specific next-decade know-how that we offer. 

N E O H M Elettronica tops the European CECC qualifications charts for resistors. 
Our Design Center uses state-of-the-art technology for gate array, standard cell and 
semicustom linear circuit production. 

Standard Product Lines 

- Metal film precision resistors 
- Metal glaze signal and power resistors 
- Carbon film and composition resistors 
- Wirewound precision and power resistors 
- Cermet and wirewound trimmers 
- Resistive networks and attenuators 

Customized Products 

- PCBs with Surface Mounted Device 
- ISO-CMOS gate arrays 
- 2 / A - C M O S standard cells 
- Custom and semicustom linear arrays 
- Thick film hybrid circuits 
- Power hybrid circuits 

2 
WE SUPPLY 

STANDARD PRODUCTS 

NEO H M 
1 e l e t t r o n i c a I 

W E SUPPLY FRONT L I N E 
CUSTOMIZED T E C H N O L O G Y 

NEOHM ELETTRONICA Spa - 10040 LEINÌ (TO) - Via Torino 217 - Italy - Tel. (011) 9989553/664 - Tx: 210577 - Fax: (011) 9981982 
Subsidiary: NEOHM UK Ltd. - 99 Windsor Road, Oldham OL8 1RP - England - Tel.: (061) 6240261-6249261 - Tx: 666060 - Fax: (061) 6245109 
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22 x IB' Gain In 
10K Gauss Magnetic Fields 
Th is n e w p h o t o m u l t i p l i e r t u b e 
(R2490 ) has an a m p l i f y i n g 
s t r u c t u r e of f i n e m e s h d y n o d e s 
w h i c h p r o v i d e e x c e l l e n t 
p e r f o r m a n c e in h i gh m a g n e t i c 
f i e lds . It is t h e f i rs t h i g h q u a l i t y 
d e t e c t o r fo r H i g h E n e r g y 
Phys ics t o o v e r c o m e t h e ga in 
k i l l i ng e f fec t o f m a g n e t i c 
e n v i r o n m e n t s . 

Cal l o r w r i t e fo r Data S h e e t s 
o n t h e R 2 4 9 0 . 

z 
< 

MAGNETIC FLUX DENSITY (KG) 

H2490 Hamamatsu 
R2490 
Photomultiplier Tube 

HAMAMATSU CORPORATION • 360 FOOTHILL ROAD, P. 0 . BOX6910, BRIDGEWATER, NJ 08807 • PHONE: 201/231-0960 

UNITED KINGDOM: Hakuto International (UK) Ltd. (phone: 0992-769090) • FRANCE: Hamamatsu Photonics France (phone: 46 554758) 
ITALY: Hesa S. P. A. (phone:[02] 34.92.679)' W. GERMANY: Dr. R. Seitner, Mess-U, Regeltechnik(phone:08152-3021) 

SWEDEN, NORWAY, FINLAND, DENMARK: Lambda ElectronicsAB(phone: 08-620610) 

©1986 Hamamatsu Corpo ra t i on 
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I n s u l a t i n g M a t e r i a l s w i t h H i g h R a d i a t i o n 

R e s i s t a n c e 

T h e Swiss I nsu la t i ng W o r k s t o g e t h e r w i t h C E R N 
c a r r i e d o u t de ta i l ed tests a b o u t t h e r a d i a t i o n resis
t a n c e o f n u m e r o u s h i g h v o l t a g e i n s u l a t i n g m a 
ter ia ls . T h e resu l ts p u b l i s h e d i n t h e " C E R N Pub l i 
c a t i o n 8 5 - 0 2 o f t he Techn i ca l I n s p e c t i o n a n d Safe
t y C o m m i s s i o n " p r o v e t h e usab i l i t y o f se lec ted in 
s u l a t i o n u n d e r w o r k i n g c o n d i t i o n s w i t h h i g h rad ia
t i o n . A r a d i a t i o n d o s e o f 5 x l 0 7 Gy af fects o n l y v e r y 
l i t t le t he b r e a k d o w n v o l t a g e o f o u r c o n d u c t o r i n : 

s u l a t i n g tape Grade 366.16 w h i c h cons is ts o f s a m i -
capor , g lass f ab r i c a n d s i l i cone res in . O u r h i g h vol t 
a g e i n s u l a t i n g m a t e r i a l fo r m o t o r s a n d o t h e r elec
t r i ca l a p p a r a t u s b e h a v e s s i m i l a r l y g o o d : S a m i c a -
t h e r m c o n s i s t i n g o f s a m i c a p a p e r , g lass fab r i c a n d 
e p o x y r e s i n w i t h s t a n d s a d o s e o f l x l 0 8 Gy a n d re
ta ins at t h e s a m e t i m e 5 0 % o f its o r i g i n a l f l e xu ra l 
s t r e n g t h . 

Y o u r re l iable p a r t n e r 
fo r e lec t ro technica l insu la t ion p r o b l e m s 

The chambers in V E T R O N I T E G-10 are manufactured and 
machined by Swiss Insulating Works. 

Your s p e c i a l i s t i n b a s e m a t e r i a l s f o r p r i n t e d 

c i r c u i t b o a r d s 

• Base m a t e r i a l fo r FR-4 
• Mu l t i l aye r 
• M u l t i w i r e ® 
• Base m a t e r i a l fo r CC-4 A d d i t i v e Process ® 
• F lex ib le C o p p e r C lad L a m i n a t e s w i t h m o d i f i e d 

e p o x y adhes i ve (a S h e l d a h l p r o d u c t ) 
• Base ma te r i a l s fo r m i c r o e l e c t r o n i c s 

( ® Trade M a r k o f PCK-Techno logy) 

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

O u r m a n u f a c t u r i n g p r o g r a m m e i n c l u d e s a lso 
Varn ishes a n d Resins fo r t he m a n u f a c t u r e o f e lect r i 
ca l m a c h i n e s a n d fo r t h e e l e c t r o n i c e q u i p m e n t s 
w i t h exce l l en t d ie lec t r i c a n d p r o t e c t i v e p rope r t i es . 

We a lso o b t a i n e d exce l l en t resu l ts w i t h o u r L a m i 
na tes E p o x y Glass C lo th V E T R O N I T E G-10 a n d 
V E T R O N I T E G - l l as we l l as w i t h E p o x y Glass M a t 
D E L M A T Rad ia t i on D o s e s o f 1 0 7 G y for e x a m p l e 
l ead n o t t o a s u b s t a n t i a l loss o f t h e m e c h a n i c a l 
p rope r t i es . 
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Industrial impact of particle physics 

The development of superconducting cable 
was a landmark spinoff from particle 
physics. 

The a im o f part ic le phys ics is t o 
advance M a n ' s k n o w l e d g e o f the 
s t ruc tu re o f the Un iverse a round 
h im . H o w e v e r a t ten t ion is t u rn ing 
increas ing ly t o l inks b e t w e e n the 
Labo ra to ry and the g r o w t h area 
o f h igh t echno logy . W h a t is the 
natural t imesca le fo r ' s p i n o f f ' ? 
Can it be acce lera ted? 

It w a s A l b e r t E inste in , pe rhaps 
the a rche type of the ideal ist ic 
sc ien t i s t , w h o sa id , 'Concern f o r 
m a n h imsel f and his fa te m u s t a l 
w a y s f o r m the chief in terest o f all 
techn ica l endeavou rs , conce rn f o r 
the great unso l ved p r o b l e m s o f 
the organ iza t ion o f labour and the 
d is t r ibu t ion o f g o o d s — in o rder 
tha t t he c rea t ions o f our m i n d s 
shall be a b less ing and no t a curse 
t o m a n k i n d . Never f o rge t th is in 
the m ids t o f you r d iag rams and 
e q u a t i o n s / 

Immed ia te l y af ter the S e c o n d 
W o r l d W a r , s u p p o r t f o r par t ic le 
phys ics research w a s in f luenced 
by the i nvo l vemen t o f sc ien t i s ts 
w h o had he lped un lock the p o w e r 
o f t he nuc leus. It w a s no t po l i t ica l ly 
easy t o abandon s u p p o r t f o r t h o s e 
w h o s e dai ly pursu i t w a s the inter
re la t ionsh ip o f energy and ma t te r . 

Th is m o m e n t u m has d ied a w a y 
but the part ic le phys ic is t can po in t 
t o the t r e m e n d o u s w a v e o f p rac t i 
cal app l ica t ions w h i c h has f l o w e d 
f r o m the increasing k n o w l e d g e o f 
the s t ruc tu re o f mat te r . Prev ious 
genera t ions o f th is research — 
a tom ic and nuclear as we l l as par
t ic le phys ics — have led t o e lec
t r o n i c s , lasers, X - r a y s , i s o t o p e s , 
reac to rs , nuclear a r m a m e n t s , . . . all 
hav ing a ma jor in f luence o n our 
dai ly l ives. The a c c o m p a n y i n g 
techno log ies have led t o advances 
in acce le ra to rs , supe rconduc t i v i t y , 
c r yogen i cs , m a g n e t s , rad io f requen-
cy , v a c u u m , part ic le de tec t i on . . . 
w i t h app l ica t ions in m a n y o ther 
f ie lds of sc ience, in med ic ine and 

in indus t ry . T o pull ou t j us t one 
f igure — t w o t housand f i ve 
hundred linear acce lera tors are in 
opera t ion in the w o r l d t o d a y . Less 
than one per cent o f t h e m are in 
v o l v e d in par t ic le phys ics research 
ye t every one of t h e m has e m e r g e d 
f r o m the t e c h n o l o g y deve loped 
fo r par t ic le phys ics research. 

Case history — the UK 

One of the even ts dur ing th is 
yea r ' s mee t ing of the Bri t ish A s s o 
c ia t ion fo r t he A d v a n c e m e n t o f 
Sc ience held at Br is to l Un ivers i t y 
w a s a con fe rence on 'H igh Energy 
Phys ics — Indust ry L ink -up ' . It w a s 
chai red by f o r m e r CERN Research 
Di rec tor Ian B u t t e r w o r t h , w i t h Brian 
Foster of the Wi l l s Physics Labo 
ra to ry as the main organizer . CERN 
set up a smal l exh ib i t ion on the 
t h e m e of the con fe rence in w h i c h 
UK f i rms a lso t o o k par t . 

Mar t i n W o o d f r o m O x f o r d Ins t ru 
m e n t s emphas ized the role o f par
t ic le phys ics in rescu ing s u p e r c o n 
duc t i ng m a g n e t t e c h n o l o g y f r o m 
i ts ' p r o l o n g e d ado lescence ' . T h e 
po ten t ia l in medica l imag ing , in 
p o w e r genera t i on , in s to rage and 
t r a n s p o r t a t i o n , in meta l sepa ra t i on , 
f o r h igh speed t ra ins , f us ion de 
v i ces , u l t ra fast c o m p u t e r s . . . had 
been o b v i o u s fo r a long t i m e . But 
it w a s the d e v e l o p m e n t o f the s u 
pe rconduc t i ng bubb le chamber 
m a g n e t at A r g o n n e and par t icu lar ly 
o f t he 'Ru ther fo rd cab le ' (by the 
Ruther fo rd Labo ra to ry in co l l abo 
ra t ion w i t h IMI) f o l l o w e d by the 
T e v a t r o n w o r k at Fermi lab, tha t 
m a s t e r e d t he techno log ica l p r o b 
lems . 

By n o w severa l c ryogen ic p o w e r 
genera to rs in the m e g a w a t t range 
*:re under c o n s t r u c t i o n , a p o w e r 
s to rage s y s t e m is f u n d e d in the 
U S A , a lev i ta ted t ra in is in ope ra 

t i on in J a p a n , oi l en r i chment deve l 
o p m e n t s are u n d e r w a y . O x f o r d 
Ins t rumen ts has been main ly c o n 
ce rned w i t h t h e c o n s t r u c t i o n o f 
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 m e d 
ical d i agnos t i cs in NMR (nuclear 
magne t i c resonance) scanners . 
Th is i nvo lves severa l hundred t o n s 
o f s u p e r c o n d u c t i n g mater ia l c o m 
pared t o t he f e w t o n s i nvo l ved up 
t o n o w in par t ic le research. Over 
2 0 0 hosp i ta ls t h r o u g h o u t the w o r l d 
are n o w e q u i p p e d w i t h NMR scan 
ners and t he po ten t ia l w o r l d mar 
ke t is e s t i m a t e d at s o m e 
$ 2 0 0 0 mi l l ion . 

W i t h m o s t p r o d u c t s s t e m m i n g 
f r o m par t ic le phys i cs O x f o r d Ins t ru 
m e n t s n o w e m p l o y s s o m e 1 3 0 0 
peop le and had a t u rnove r in 1 9 8 5 
of £ 5 5 mi l l ion . One of i ts m o s t 
in te res t ing n e w p r o d u c t s n o w u n 
der d e v e l o p m e n t is a ve ry smal l 
s u p e r c o n d u c t i n g e lec t ron s y n c h r o 
t r o n t o se rve as a s y n c h r o t r o n 
rad ia t ion sou rce f o r s e m i c o n d u c t o r 
l i t hography . 
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The Physics Building at Bristol University, 
UK, was the scene of a recent conference 
and exhibition on the high energy physics 
links with industry. 

(Photo CERN 7.9.86) 

J o h n W h e a t l e y o f Tes la Engi 
neer ing t u rned t o conven t i ona l 
m a g n e t s w h e r e his c o m p a n y has 
had m a n y con t rac t s w i t h CERN 
and o ther par t ic le phys i cs labo
ra tor ies . He ma in ta ined tha t t o 
remain c o m p e t i t i v e fo r such c o n 
t r ac t s a c o m p a n y had t o sus ta in 
h igh s tanda rds and s tay at the 
f o r e f r o n t o f m a g n e t t e c h n o l o g y 
(to g ive an e x a m p l e , t he mechan i 
cal p rec is ion o f f i f t y m a g n e t s be ing 
bui l t f o r t he Un ivers i t y o f Bonn is 
requ i red t o be w i t h i n 0 . 0 5 m m ) . 
T h e s e requ i rements t hen m a d e the 
c o m p a n y ve ry c o m p e t i t i v e in o the r 
f ie lds a lso. Tes la has n o w ex
panded in to the space , de fence , 
f us ion reac tor and med ica l f ie lds . 
Other p r o d u c t s are u n d e r w a t e r 
son ic t r ansduce rs , coi ls f o r NMR 
scanners , rad ia t ion sh ie lded w i n 
d o w s , e tc . 

T o g ive an examp le o f a d i rec t 
sp ino f f f r o m w o r k on par t ic le phy 
s ics m a g n e t s — exper ience w i t h 
high qual i ty resin encapsu la t ion o f 
co i ls w a s appl ied t o u n d e r w a t e r 

i ns t rumen ta t i on , w i t h i m p r o v e 
m e n t s on prev ious ly ex is t ing t e c h 
n iques. 

F rom the medica l imag ing f i e ld , 
A lan J e a v o n s s p o k e on O x f o r d 
Pos i t ron S y s t e m s , a c o m p a n y set 
up t o deve lop the H IDAC pos i t r on 
camera . Th is f o l l o w s the inven t ion 
of mu l t iw i re p ropor t i ona l c h a m b e r s 
and dr i f t chambers by Georges 
Charpak at CERN w h i c h w e r e a p 
pl ied in co l labora t ion w i t h Geneva 
Hospi ta l t o t he idea of local iz ing 
pos i t ron annih i la t ion s i tes in the 
b o d y by look ing fo r the t w o g a m 
mas emerg ing back - to -back f r o m 
the annih i la t ion. 

The camera is n o w g iv ing re
markab ly clear images in b ra in , 
t h y r o i d , bone and l iver scans . Ca
meras have been o rde red in Bel 
g i u m , Germany , Sw i tze r land and 
the U S A . There is in terest in the i r 
poss ib le app l ica t ion in mon i t o r i ng 
oil f l o w in eng ines. 

F rom the go lden days o f bubb le 
chamber phys i cs , Peter W o o d s f o r d 
o f the c o m p a n y Laser Scan d e s 

c r ibed h o w f i lm analys is techn iques 
(speci f ical ly t he S w e e p n i k m e t h o d 
p r o m o t e d by O t t o Frisch) are n o w 
being used in a d e v e l o p e d f o r m 
as a h igh p rec is ion laser de f lec t ion 
s y s t e m w i t h large screen pro jec
t i o n . 

A p p l i c a t i o n s are in secur i ty p r in t 
ing and par t icu lar ly in ca r tog raphy . 
Here the s y s t e m f o l l o w s l ines on 
a m a p rather t han bubb le chamber 
t r acks and a ve rs ion cal led Fas-
t rack has been o f great help in 
conve r t i ng ex is t ing arch ives in to 
a f o r m w h i c h can be s t o red in a 
c o m p u t e r . A l s o a ve rs ion cal led 
Laser t rack has been so ld t o the 
U S A Geograph ica l Survey f o r c o m 
puter -a ided m a p p i n g . Public ut i l i t ies 
m a p p i n g , ter ra in m a p p i n g , air t ra f 
f ic d isp lays are all feas ib le . The 
c o m p a n y n o w e m p l o y s 1 3 0 peop le 
and cur ren t d e v e l o p m e n t s inc lude 
a lase r -addressed l iquid c rys ta l 
s y s t e m w h i c h w o u l d a l l ow selec
t ive erasure in images . 

A n o t h e r p r o d u c t emerg ing f r o m 
the techn iques o f bubb le chamber 
f i lm analys is (this t ime f r o m the 
PEPR mach ine d e v e l o p e d at Ox
ford) is a ' R o b o t V i s i on S y s t e m ' 
desc r ibed by Peter Davey o f Me ta 
Mach ines . W o r k i n g w i t h Fuj i tsu 
they have bui l t a laser -gu ided arc 
w e l d i n g s y s t e m w h i c h can co r rec t 
the p rog ress o f a w e l d by r e c o g 
nizing t he fea tu res o f the des i red 
s t ruc tu re and any dev ia t ions f r o m 
it. T h e m e t h o d o f f i l ter ing ou t u n 
w a n t e d i n f o rma t i on is tha t used 
fo r bubb le c h a m b e r p ic tu res . The 
smal l c o m p a n y set up t o deve lop 
the i ns t rumen t ach ieves a mi l l ion 
p o u n d annual t u rnove r af ter th ree 
years . 

Col in W i l b u r n o f M i c ron Semi 
c o n d u c t o r s desc r i bed p rog ress in 
p roduc ing large area s i l icon de tec 
t o r s f o r p rec ise pos i t i on measure 
m e n t s f o r cha rged par t ic les . The 
techn ique has p r o v e d so success fu l 
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* HIGH CURRENT IN EXCESS OF200kA 
* HIGH VOLTAGE UP TO 50kV 
* LOW ENERGY TRIGGERING 
* NO STANDBY POWER REQUIRED 

This is only part of the story, for 
instance there is no better example 
than particle physics research ... 
if you would like to know more why 
not contact EEV. 

Ignitrons 

EEV, Carholme Road, Lincoln LN11SF, England 
Telephone: (0522) 26352 Telex: 56114 

FRANCE: 
EEV Departement Tubes Electroniques 
de GEC Composants, 
2 Rue Henri Bergson, 92600 Asnieres, (France) 
Telephone: (331) 4790 6215 Telex: 610471 
Fax: (331)4733 1131 
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... the answer can only be EEV Ignltfi^T^^v 
where high-energy switching is common place. 
Depending upon model type, Ignitrons feature:-
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f o r par t ic le phys ics d e t e c t o r s tha t 
peop le ta lk of t o n s o f such s i l icon 
uni ts in fu ture de tec to r s . N o w tha t 
t he techn iques o f ion imp lan ta t ion 
us ing h ighest pur i ty s i l icon have 
been per fec ted g iv ing 5 t o 5 0 0 
m ic ron channel separa t ion on w a f 
ers 3 0 0 m ic ron th i ck , app l i ca t ions 
in o ther f ie lds are open ing up . T h u s 
a quar ter o f the p resent c o n t r a c t s 
o f M i c ron S e m i c o n d u c t o r s are in 
de fence and space app l i ca t ions . 

In the a c c o m p a n y i n g exh ib i t ion 
there w e r e o ther examp les o f suc
cessfu l t rans fer o f par t ic le phys ics 
t echno logy . Nuclear Enterpr ises , 
a c o m p a n y of the Tho rn -EMI 
G roup , is a w o r l d leader in t he 
supp ly o f p last ic sc in t i l la tors and 
assoc ia ted e lec t ron ics . P roduc ts 
deve loped fo r par t ic le phys i cs are 
n o w used in the o i l , f o o d , s tee l , 
and coal indust r ies , in med ic ine 
(health phys i cs , env i ronmen ta l 
m o n i t o r s , rad io logica l i n s t r umen 
ta t ion) and in p o w e r p r o d u c t i o n . 

GEC in co l labora t ion w i t h the 
Ruther fo rd Labora to ry has been 
w o r k i n g on CCDs (charged coup led 
dev ices) f o r part ic le de tec to r s . 
Th is has reached ve ry h igh p rec i 
s ion in the locat ion of cha rged par
t ic les or p h o t o n s . Mosa i cs o f a 
f e w hundred square cen t ime t res 
have been bui l t and g ive 5 m ic ron 
p rec is ion . There is in terest in their 
app l ica t ion in X - ray imag ing as t ro 
n o m y , and in m i c ro focus X - ray 
cameras in med ic ine and b io logy . 
T h e y m a k e it poss ib le , f o r e x a m 
ple, t o X - ray d o w n t o s ingle cell 
level . 

More examples 

A l s o on s h o w at Br is to l w a s US 
ins t rumen ta t i on specia l is t LeCroy . 
Th is c o m p a n y has a t rad i t i on o f 
w o r k w i t h part ic le phys ics Labor 
a tor ies and has deve loped a range 

of h igh qual i ty e lec t ron ics . Its in 
s t r u m e n t s such as w a v e f o r m d ig i 
t i zers , modu la r t rans ient recorders 
and dig i ta l s to rage osc i l l oscopes 
n o w f ind app l ica t ion in industr ia l 
and o ther sc ient i f ic f ie lds such as 
non -des t ruc t i ve t e s t i n g , p lasma 
research , laser w o r k and medica l 
d iagnos is . 

A l m o s t concur ren t w i t h the C o n 
fe rence in Br is to l , a seminar on 
' A d v a n c e d T e c h n o l o g y A r i s i ng 
f r o m General Acce le ra to r Phys ics ' 
w a s held at Aa rhus in Denmark in 
the c o n t e x t o f the CERN Acce le ra 
to r Schoo l . Here there w e r e s o m e 
d o m i n a n t t h e m e s such as the ex
p lo i ta t ion o f s ynch ro t r on rad ia t ion , 
bu t , as at Br is to l , there w a s a lso 
an e f fo r t t o f ocus on examp les o f 
compan ies w h o have deve loped 
f r o m their assoc ia t ion w i t h par t ic le 
phys ics . 

Norsk Data of N o r w a y , one o f 
the m o s t successfu l European min i 
c o m p u t e r manu fac tu re rs , a c k n o w l 
edges a great deb t t o i ts w o r k 

w i t h CERN on the SPS con t ro l s y s 
t e m and b e y o n d , in deve lop ing i ts 
k n o w - h o w and estab l ish ing its 
repu ta t ion . 

I n te ra tom f r o m W e s t Germany 
buil t up i ts abi l i t ies and advanced 
equ ipmen t wh i l e w o r k i n g on acce l 
erator rad io f requency cav i t ies . 
Danfys ik f r o m Denmark has ex
t e n d e d mechan ica l des ign w o r k , 
in i t ia ted in w o r k w i t h part ic le phy 
sics labora to r ies , t o app l ica t ions 
in med ica l , f us ion and coa l , oil and 
gas indust r ies . Scand i t ron ix of 
S w e d e n specia l izes in acce lera tor 
des ign and p r o d u c t i o n . 

These are jus t a f e w examp les 
of the s t r o n g l inks b e t w e e n part ic le 
phys ics and h igh t echno logy . T h e 
list is g r o w i n g fas t . 

Oscar Barbalat of CERN describes the 
advanced technology resulting from high 
energy physics at an Advanced Technology 
Seminar at Aarhus, Denmark, organized by 
Aarhus in the context of the CERN 
Accelerator School. 
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CERN Geneve: BEBC. Grande chambre a bulles europeenne. Dimensions du corps de la chambre: 3 m de hauteur, 3,7 m de diameire 
interieur, 39 000 litres de capacite. 

Le plus petit de nos joints 
tient au moins 50 ons
et le plus grand resiste a un 
dosage d'irradiation 166666 
fois superieur a ce qu'un 
etre humain peut supporter. 

Au CERN, a Geneve, on accelere des parti-
cules a charge electrique jusqu'a la vitesse 
de la lumiere. On ne peut le faire que dans 
des conditions de vide pousse. Les joints 

Joints d'etancheite nor
malises ou sur mesure, 

en caoutchouc, en ma-
tiere plastique, textiles 

ou metall iques, a l 'amiante 
ou sans amiante, etc. Joints 

toriques. Garnitures meca-
niques FLEXIBOX. Bagues 

d'etancheite. Joints hydraul i -
liques et pneumatiques. Garni

tures de presse-etoupe. 

d'etancheite de 7 m de circonference dont 
sont dotees les chambres doivent done 
presenter une precision et une qualite de 
surface elevees. Afin qu'ils puissent resister 
a un dosage d'irradiation a haute charge 
energetique representant 166 666 fois 
ce qu'un etre humain peut supporter, 
nous avons concu, chez Maag Technic, 
un melange de caoutchouc tout a fait parti-
culier. 

Bien sur, nous n'avons pas a resou-
dre des problemes aussi ardus tous les 
jours. Parfois, il s'agit «simplement» de 
minuscules joints d'etancheite destines a 
des arroseurs anti-incendie. Quoi qu'il en 
soit, chaque joint doit repondre a des 
imperatifs plus ou moins grands. Vous en 

trouverez chez nous un vaste assortiment. 
En plus, vous pouvez compter, sans 
aucune contrainte materielle, sur nos con-
seils fondes sur des annees d'experience 
portant sur tout le spectre de la technique. 

Maag Technic se fait fort de resoudre 
vos problemes de joints d'etancheite. 

maagtechnic 
CaoutchoucMaag 

Caoutchouc et matieres plastiques 
Elements d'etancheite Technique de 
transmission Oleohydraulique 
Pneumatique Graissage central 
Protection de travail 

Maag Technic SA, CH-1024 Ecublens, (021) 35 74 64 - Dubendorf - Berne-Wabern - Bale - St-Gall-Neudorf 
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Supercomputers make their mark 

Ian Butterworth — thanks to 
supercomputers, a formidable objective 
looks attainable. 

Just before leaving CERN 
earlier this year to become 
Principal of London's Queen 
Mary College, Research Direc
tor Ian Butterworth described 
how what had once appeared 
a formidable objective for 
CERN's central computers 
now looks attainable, thanks 
to the power of 'supercom
puters '. 

Particle phys ics has a lways in 
vo l ved c o m p u t i n g , largely because 
the under ly ing quan tum mechan ics 
makes s ta temen ts about p robab i l 
i t ies, imply ing stat is t ica l analys is 
o f large data samp les . But the 
amoun t of c o m p u t i n g has marked ly 
increased fo r a var ie ty of reasons . 
S o m e of these result jus t f r o m the 
general sp read of c o m p u t i n g : t o 
des ign the comp lex e lec t ron ics of 
m ode rn de tec to rs requires c o m 
puter -a ided d e s i g n ; even the m e 
chanical des ign and assemb ly o f 
large s y s t e m s is best gu ided by 
c o m p u t e r ; and n o w personal c o m 
puters are helping in many aspec ts 
o f mode rn life. H o w e v e r m o d e r n 
part ic le phys ics has its o w n specia l 
requ i rements . 

First there is the g r o w i n g c o m 
plex i ty of large genera l -purpose 
de tec to rs built up f r o m a set o f 
ten or so sub-de tec to rs buil t and 
assemb led w o r l d - w i d e . These have 
t o be tes ted and opera ted a u t o n 
o m o u s l y w i t h their o w n data acqu i 
s i t ion s y s t e m s , ye t mus t w o r k in 
ha rmony t o f o r m the comp le te 
de tec to r . Such a de tec to r can re
quire read-out of 1 0 0 0 0 0 ind iv id 
ual e lect ronic channels . 

Mo reove r the use o f dr i f t c h a m 
bers or t ime pro jec t ion c h a m b e r s , 
w h e r e secondary e lec t rons are 
dr i f ted over s o m e d is tance t o a 

de tec t ing e lement , requires t i m e -
sl ic ing of the ou tpu t signal so tha t 
even a single event can y ie ld tens 
of Megab i t s of i n fo rmat ion . 

The large and d ispersed co l labo
rat ions required t o deve lop and 
use the de tec to rs lead natural ly t o 
long-d is tance n e t w o r k i n g , jus t as 
the geographica l scale o f the acce l 
erator makes advanced s i te -w ide 
commun ica t i ons essent ia l . 

W e see, w i t h the four LEP exper
iments at CERN, the t w o fo r HERA 
at DESY in Hamburg , and the t w o 
at the Fermilab T e v a t r o n , the shi f t 
t o a smal l number of very large 
comp lex faci l i t ies invo lv ing ex
t ended co l labora t ions . 

Finally a s igni f icant con t r ibu t ion 
t o the remarkable success o f the 
phys ics p r o g r a m m e at CERN's p ro -
t on -an t i p ro ton Coll ider w a s the 
speed w i t h wh i ch data cou ld be 
analysed dur ing initial runs — and 
tha t lesson has no t been lost on 
the LEP exper imen ts . 

Computing for LEP experiments 

A t CERN a cons iderab le e f fo r t 
has gone in to deve lop ing a coher
ent s t ra tegy fo r c o m p u t i n g up t o 
and including exp lo i ta t ion of the 
n e w LEP e lec t ron-pos i t ron Col l ider, 
scheduled t o b e c o m e operat iona l 
in 1 9 8 8 . 

Realizing tha t it w a s neither 
poss ib le nor desirable t o do every
th ing at CERN, the High Energy 
Physics Coord ina t ing C o m m i t t e e 
has been es tab l i shed, cons is t ing 
of D i rectors respons ib le fo r c o m 
put ing at var ious nat ional cen t res , 
plus CERN and DESY, chaired by 
W a l t e r Hoog land of NIKHEF ( A m 
s terdam) . Tha t c o m m i t t e e c o n 
s tant ly s t rugg les , as w e have t o 
indiv idual ly , w i t h the cons tan t c o n 
f l ict b e t w e e n s tandard izat ion o f 
app roach , necessary fo r ef f ic iency 

in in ternat ional co l labora t ions , and 
the use o f the latest t echno logy 
(part icle phys ic is ts a lways d e m a n d 
the n e w e s t and bes t w h i c h has 
no t had t ime t o be s tandard ized) . 

W i t h i n CERN w e have set up 
MEDDLE (Meet ing b e t w e e n Elec
t ron ics and Data Div is ion and LEP 
Exper iments ) , at w h i c h represen
ta t i ves o f the fou r exper iments 
mee t w i t h t h o s e respons ib le fo r 
centra l serv ices so as t o establ ish 
n o r m s and pr ior i t ies . It has p r o v e d 
highly success fu l because a l though 
the fou r co l labora t ions perhaps 
feel s t r ong r ivalry at the higher 
levels, w h e n it c o m e s d o w n t o 
data acqu is i t ion and analysis there 
is a great readiness t o exchange 
ideas and share e f fo r t s . 

One LEP even t cou ld invo lve 
tens o f M e g a b i t s o f i n fo rmat ion . 
M o r e o v e r the LEP beam bunches 
wi l l col l ide in any de tec to r at a rate 
of 5 0 kHz, every 2 0 m ic roseconds . 
Th is d e m a n d s a t r igger s y s t e m 
re ject ing un in teres t ing even ts , re
cogn iz ing in terest ing ones and 
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do ing the m a x i m u m of data selec
t i on and c o m p a c t i n g on l ine. 

Typ ica l ly th is invo lves a chain 
o f success ive ly more deta i led dec i 
s ions w i t h a sequence of t r igger ing 
levels. A t the f i rs t level one mus t 
dec ide before the next beam col l i 
s i on , i.e. w i t h in 2 0 m i c r o s e c o n d s , 
if the event is potent ia l ly in terest 
ing. A t the second level a m o r e 
r igid se lect ion uses the t ime-s l i ced 
readout of the de tec to r e lements 
w h e r e e lec t rons dr i f t f o r say 
1 0 0 m ic roseconds . Thus the ev
en ts se lec ted at the f i rs t level have 
t o w a i t tha t long and so a f e w per
cent o f beam c ross ings are 
w a s t e d . A t th is s tage s o m e t h i n g 
like the ful l data is avai lable and 
so one can spend hundreds o f m i l 
l i seconds in some th ing app roach 
ing the p o w e r of a ma in f rame c o m 
puter t o do a t h o r o u g h , but no t 
ye t f ina l , of f - l ine analysis o f the 
even t , pu t t ing the data on tape at 
a rate o f 1-2 Hz. 

Such on-l ine data handl ing is 
poss ib le thanks t o a number o f 
major recent d e v e l o p m e n t s : 
- The avai labi l i ty of 32 -b i t m i c ro 

p rocesso rs , permi t t i ng de tec to r s 
t o have hundreds of c o m p u t i n g 
u n i t s ; 

- N e w bus s y s t e m s t o manipu la te 
the da ta . T w o n e w s tandards 
(VMEbus and FASTBUS) are in 
use fo r LEP exper imen ts ( to
gether w i t h s l owe r bus s y s t e m s 
l inking less cr i t ical e l emen ts ) ; 

- De tec to r s u b s y s t e m s using sep 
arate supe rm in i s ; 

- D is t r ibu ted intel l igence has led 
t o the use of a Local A rea Net
w o r k l inking par ts o f the sys 
t e m , e.g. E therne t ; 

- The use of emula to rs — pur
pose-bui l t p rocesso rs tha t e m u 
late the ins t ruc t ion set o f a 
ma in f rame compu te r (usually 
w i t h o u t i ts full complex i ty ) — 
w h i c h can be used in the on- l ine 

A Cray 'supercomputer' 

(Photo Cray Research) 
Central computing 

event f i l ter ing at the deeper lev
els of se lect iv i ty . Clusters of 
commerc ia l p rocessors l ike m i 
c r o - V A X may be used in the 
same w a y . 

Commun ica t i ons br ing us t o 
s tandard iza t ion . Eventual ly there 
shou ld be agreed internat ional p ro 
t oco l s at all levels, f r o m the basic 
physical t ransmiss ion s y s t e m t o 
the h ighest level of message han
d l ing. In pract ice w e need t o c o m 
munica te n o w , across a mass o f 
incompat ib le n e t w o r k s , so w e 
have t o put cons iderab le e f for t 
into ' g a t e w a y s ' — compu te r sys 
t e m s that permi t d i f ferent n e t w o r k s 
t o commun i ca te . The high energy 
phys ics c o m m u n i t y has cons ider 
able exper ience in commun ica t i ng 
th rough he terogeneous s y s t e m s , 
and its exper ts are in great d e m a n d 
in s tandard izat ion d iscuss ions at 
the RARE organizat ion (Reseaux 
Assoc ies pour la Recherche Euro-
peenne), etc. 

W e measure c o m p u t i n g p o w e r , 
rather archaical ly, in uni ts of ' IBM 
168 equ iva len t ' . Of course d i f ferent 
c o m p u t e r s do no t necessar i ly have 
a s imple cons tan t re lat ion one t o 
another independent o f the t y p e 
of j o b , but th is uni t g ives an ap
p rox ima te gu ide. It roughly cor re 
sponds t o a Digi tal Equ ipment 
Corp. V A X 8 6 0 0 or t o 3 -4 mi l l ion 
ins t ruc t ions per s e c o n d . 

A t the s tar t o f 1 9 8 4 the LEP 
exper imen ts dec ided tha t fo r ful l 
analyses o f their data they needed 
on average 12 such uni ts each. 
Mo reove r they argued tha t init ial ly, 
say fo r t w o years , jus t as fo r the 
p ro ton -an t i p ro ton Col l ider, v i r tual ly 
all the c o m p u t i n g load w o u l d fal l 
on the CERN cen t re . On the o ther 
hand LEP's b e a m in tens i ty w o u l d 
p resumab ly s tar t l o w and so per
haps six uni ts each w o u l d be g o o d 
enough , w i t h the addi t iona l w o r k 
load f r o m increasing beam in tens i ty 
being taken up by c o m p u t e r s at 

CERN Courier, November 1986 7 



9, 11 RUE GEORGES ENESCO - 94008 C R E T E I L CEDEX - T E L . 33 (1) 43.77.12.63 - T E L E X 213051 F - T E L E F A X 33 (1) 43.77.12.63, extension 3646 

CERN Courier, November 1986 

WHO IS SUPPLYING 100 TONS OF ROLLED, 

DEPLETED URANIUM PLATE FOR UA1HIGH 

ENERGY PHYSICS RESEARCH ? 

and 

CERCA is, 
V 

^̂ ^̂ l̂ t̂ ^̂ V also offers 

A SOPHISTICATED METAL FABRICATION 
FACILITIES (FOR PROTOTYPES AND 
MASS PRODUCTION) 

A STATE-OF-THE-ART WELDING TECHNO
LOGIES (ELECTRON BEAM, LASER, ETC.) 

A ADVANCED INSTRUMENTATION KNOW-
HOW 

A HIGH TECH TESTING CAPABILITIES (FOR 
THREE-DIMENSIONAL INSPECTION AND 
PRECISION CHECKING OF COMPO
NENTS WITH COMPLEX GEOMETRIES) 

A QUALITY ASSURANCE EXPERTISE 

0 0 
_ J 
QL 

I 
</) 

H 
00 
3 

T3 
_C 

<8 

3 
CL 

<n 
c 
_o 

"CD 
-CD 

0C 

C E R C A 
8 



Particle physics experiments are betting 
bigger and require more computing power: 
assembly of the hadron calorimeter 
mainframe for the ALEPH experiment at 
the LEP electron-positron Collider at CERN. 

(Photo CERN 45.9.86) 

h o m e Inst i tu tes. Tha t makes 2 4 
uni ts . Including the rest o f CERN, 
a to ta l requ i rement fo r 1 9 8 9 of 
5 0 - 6 0 uni ts is no t implaus ib le . 

Early in 1 9 8 4 CERN's instal led 
capac i ty a m o u n t e d t o 14 .2 un i ts , 
so an upgrad ing p r o g r a m m e g o t 
u n d e r w a y , resul t ing in t o d a y ' s ca
pac i ty o f about 3 0 uni ts . 

For purely budge ta ry reasons 
CERN's rental ag reement w i t h Con 
t ro l Data Corp . has been t e r m i 
na ted , w i t h no rep lacement env is 
aged unti l the end of next year. 
Thus dur ing 1 9 8 7 c o m p u t i n g p o w 
er w i l l be reduced by 2 5 per cent 
— regret tab le but no t t o o sc ient i f 
ically damag ing , s ince an t i p ro ton 
opera t ions are on ' h o l d ' pend ing 
comp le t i on of the n e w A C O L ant i -
p r o t o n co l lector . 

The future 

During the past decade , deve l 
o p m e n t w o r k fo r ex t reme ly p o w 
erful and cos t -e f fec t i ve c o m p u t e r s 
has concen t ra ted on n e w arch i tec
tu res . In place o f 'scalar ' p roces 
so r s , the emphas is has m o v e d 
t o w a r d s ' vec to r ' and 'para l le l ' p ro 
cesso rs , c o m m o n l y refer red t o as 
' s u p e r c o m p u t e r s ' . 

These mach ines are n o w in fa i r ly 
w i d e s p r e a d use in many branches 
o f sc ience. A b o u t 175 s u p e r c o m 
puters have been instal led w o r l d 
w i d e , and a fur ther 5 0 are on o r d 
e r ; of the f o rmer , s o m e 125 w e r e 
supp l ied by Cray Research. M o r e 
than a quarter of all s u p e r c o m p u t 
ers have been instal led in Europe, 
and at least ten of these are in 
pr incip le accessib le t o part ic le phy
s ic is ts . For example a Cray X -
M P / 4 8 has recent ly been o rde red 
fo r insta l lat ion at the Ruther ford 
A p p l e t o n Labora to ry in the UK. 

In the U S A , major p r o g r a m m e s 
t o p rov ide access t o s u p e r c o m p u t 

ers fo r the academic c o m m u n i t y 
are being imp lemen ted . The Na
t iona l Science Foundat ion has 
ag reements w i t h a number o f ins t i 
t u tes (Resource Centres) t o p rov ide 
supe rcompu te r serv ices t o the 
research c o m m u n i t y . S o m e 
5 0 0 sc ient is ts have al ready been 
t ra ined in the use and app l ica t ions 
o f supe rcompu te rs at these 
cent res . 

In the pas t , the part ic le phys ics 
c o m m u n i t y has been relat ively 
s l o w t o s h o w interest in s u p e r c o m 
pu te rs , pr incipal ly because o f the 
need fo r a high degree of po r tab i l 
i ty of p r o g r a m m e s . H o w e v e r th is 
s i tuat ion has s ta r ted t o change. 
The Central Design Group fo r t he 
p r o p o s e d US Superconduc t ing 
Supercol l ider uses supe rcompu te rs 
fo r much of its des ign w o r k . Vec -
tor iza t ion of quark f ie ld ca lcu lat ions 
on lat t ices has imp roved per for 
mance by fac to rs o f ten or t w e n t y 
c o m p a r e d w i t h the t rad i t iona l sca
lar a lgor i thms. Techn iques fo r vec 
tor iz ing the s imula t ion of part ic le 

in teract ions w o r k 2 0 t o 8 5 t imes 
faster . 

But m o s t s ign i f icant ly g roups at 
S tan fo rd and Florida State have 
repor ted ve ry encourag ing p ro 
gress w i t h the use o f vec to r a lgo
r i thms fo r pa t te rn recogn i t ion in 
mode rn t rack ing chambers . Sub
stant ia l i m p r o v e m e n t s over the 
scalar pe r fo rmances have been 
quo ted fo r s o m e c o m p o n e n t s o f 
the pa t te rn recogn i t ion p rocess . 

W e there fo re bel ieve tha t , g iven 
t ime and a per iod o f deve lopmen t , 
vec to r p rocess ing cou ld lead t o 
s igni f icant increases in c o m p u t i n g 
p o w e r fo r exper imenta l part ic le 
phys ics , and cou ld p rov ide suf f i 
c ient capac i ty fo r the LEP exper i 
men ts . In o rder t o a l low t ime fo r 
the LEP expe r imen ts t o adapt t o 
the oppor tun i t i es opened up by 
vec to r p rocess ing , such a machine 
w o u l d have t o be avai lable at CERN 
no later than the end of 1 9 8 7 . 

W e set ourse lves the init ially 
daunt ing task o f exp lor ing whe the r , 
using essent ia l ly no more than the 
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resources released by cancel l ing 
the ex is t ing rental con t rac t and 
desp i te high list pr ices, w e cou ld 
negot ia te a con t rac t fo r a super
compu te r . Despi te our t rus t in vec 
to r i za t ion , w e a d o p t e d a careful 
app roach , demand ing a g o o d base 
of scalar p o w e r . 

Cray Research has p r o p o s e d a 
Cray X - M P / 4 8 compu te r inc luding 
4 p rocesso rs , 128 M w o r d s of 
back ing m e m o r y , 8 M w o r d s of 
main m e m o r y , 10 Gby tes o f d isk 
s to rage accessed via 2 cont ro l le rs 
and 8 d r i ves , 4 inter faces t o pe rm i t 
access f r o m other c o m p u t e r s at 
CERN, and 1 adapter t o access o n 
line magnet ic tapes . 

Benchmark tes ts run by CERN 
have s h o w n that th is con f igu ra t ion 
has a scalar pe r fo rmance of 
2 4 uni ts . Signi f icant extra capac i ty 
w o u l d be avai lable f o l l o w i n g suc
cessfu l vec tor iza t ion of p ro 
g r a m m e s w ide l y used at CERN. 

In add i t i on , CERN w o u l d have 
an op t i on t o exchange the 
X - M P / 4 8 fo r a Cray-2 con f igu ra t ion 
w h i c h has a s l ight ly l ower scalar 
capac i ty , but a greater potent ia l 
fo r gains f r o m vec to r i za t ion . Th is 
p roposa l w a s accep ted in Ju ly , 

w i t h instal lat ion at the end of 
1 9 8 7 . 

Thus by 1 9 8 8 the instal led ca
paci ty wi l l be 4 8 scalar un i ts , t o 
w h i c h mus t be added w h a t e v e r is 
the potent ia l gain f r o m vec tor iza
t i on , w h i c h I am conv inced wi l l be 
eventual ly ve ry great . It w o u l d 
appear tha t w e are able t o sat is fy 
the ravenous demands of the ex
pe r imen te rs ! 

M o r e o v e r th is so lu t ion repre
sents excel lent value fo r m o n e y 
— the overal l CERN spend ing on 
c o m p u t i n g , including accelerator 
con t ro ls e tc . , runs at a ve ry c o n 
s tan t 10 per cent o f the mater ia ls 
budget . Th is resul ts f r o m the s tea
dy fal l in c o s t s of c o m p u t i n g p o w 
er, and the recogn i t ion by m a n u 
fac turers o f CERN as a ' shop w i n 
d o w ' . W i t h i n the l imi ts of a t i gh t 
budge t , one can then be reason
ably happy about the fund ing p ros 
pec ts fo r c o m p u t i n g . 

H o w e v e r I am left w i t h t w o c o n 
nec ted wo r r i es . First ly the insuf f i 
c iency of m a n p o w e r w e have in 
th is area, f o r desp i te the very real 
g r o w t h in our rel iance on c o m p u t 
ing and re lated techno logy there 
has no t been a co r respond ing 

g r o w t h in the m a n p o w e r w e can 
a l locate. M o r e o v e r it is an area 
w h e r e rec ru i tment and staf f re ten
t ion is d i f f icu l t . 

Second ly it appears tha t wh i le 
high energy phys ics once w a s the 
leading area in the use of c o m p u t 
ing , th is is no longer t rue. It is no t 
jus t tha t c o m p u t e r sc ient is ts look 
d o w n on us fo r sti l l us ing For t ran. 
For examp le it s e e m s obv ious tha t 
exper t s y s t e m s and art i f icial in te l 
l igence have great potent ia l and 
wi l l c o m e t o be regarded as essen
tial f o r con t ro l o f comp lex s y s t e m s 
like acce lera tors and de tec to rs . 
W e have a smal l g roup of en thu 
s iasts here, but the resources w e 
can d e v o t e t o th is area and cer
ta in ly our exper t i se are very l im
i ted . Th is is one of the reasons 
w h y w e bel ieve tha t there w o u l d 
be cons iderab le benef i ts f r o m in
creas ing co l labora t i ve ven tu res 
w i t h indus t ry and o ther areas of 
sc ience, w i t h CERN playing the 
role o f en l igh tened and demand ing 
user. W e have es tab l ished a n u m 
ber o f such co l labora t ions , and are 
look ing fo r m o r e . 

Stanford's new Collider 
A s the year d r a w s t o w a r d s a 
c lose , w o r k fo r the n e w S tan fo rd 
Linear Coll ider (SLC) approaches 
the cu lminat ion of seven years o f 
careful p lanning, des ign , cons t ruc 
t ion and tes t i ng . 

If all goes accord ing t o p lan , SLC 
shou ld col l ide its f i rs t e lec t rons 
and pos i t rons at a round 5 0 GeV 
per beam (possib ly s l ight ly lower) 
early next year. Th is means tha t 

SLC should steal a march on the 
n e w LEP e lec t ron-pos i t ron Col l ider 
being built at CERN, w h i c h wi l l 
cover the same energy reg ion. 

H o w e v e r the 2 7 k i lomet re LEP 
ring wi l l be a convent iona l mach ine 
using t r ied and tes ted techn iques 
and shou ld at ta in its des igned per
f o rmance levels relat ively soon 
after t u rnon , scheduled fo r late 
1 9 8 8 . SLC on the other hand is 

an exper imenta l mach ine , p robab ly 
demand ing a lot o f deve lopmen t 
w o r k and f ine tun ing be fore des ign 
f igures can be reached and then 
rout inely ma in ta ined . 

S tan fo rd ' s plan is t o use the 
Mark II de tec to r , n o w rebui l t af ter 
serv ice at l owe r energ ies , t o ex
ploi t the initial phys ics f r o m SLC. 
Meanwh i le w o r k goes on t o pre
pare the n e w S tan fo rd Large De-
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Schematic layout of Stanford's new Linear 
Collider (SLC). 

t ec to r , SLD, schedu led t o be ready 
t o w a r d s the end of 1 9 8 8 , abou t 
the same t ime as LEP is s w i t c h e d 
on at CERN. 

First of its kind 

From the scal ing l aws govern ing 
the cons t ruc t i on of conven t iona l 
circular mach ines , it is clear tha t 
sooner or later they w i l l be pr iced 
ou t o f the marke t . T o w a r d s the 
end o f the sevent ies th is m o t i v a t e d 
machine specia l is ts t o look fo r 
n e w al ternat ives fo r e lec t ron 
b e a m s , w h i c h lose lo ts o f energy 
w h e n ben t , and require m u c h b ig 
ger mach ines than p r o t o n s . 

Thus the linear col l ider idea w a s 
launched — instead o f a go ing 
round and round a circular race
t rack , beams of part ic les w o u l d 
be accelerated in s t ra ight mach ines 
and f i red at each other . 

S tan fo rd boas ts the w o r l d ' s lon 
ges t (3 k i lometre) l inear accelera
to r , p rov id ing beams of e lec t rons . 
Rather than bui ld ing a second linac 
t o handle pos i t rons , an ingenious 
scheme w a s deve loped t o add a 
pos i t ron source and t o accelerate 
b o t h e lec t rons and pos i t r ons d o w n 
the same machine. 

A f t e r emerg ing f r o m the end of 
the main l inac, the beams of elec
t r ons and pos i t rons w o u l d init ial ly 
d iverge into long arcs , s w i n g i n g 
round t o col l ide once and once 
on ly at a f inal f ocus . Th is g ives 
the n o w famil iar ' ban jo ' shape of 
the SLC. 

A l t h o u g h the n e w mach ine faced 
(and stil l faces) many fo rm idab le 
technica l cha l lenges, at least the 
fund ing road w a s less rocky than 
tha t o f the prev ious b ig S tan fo rd 
pro jec t — the PEP e lec t ron -pos i 
t r o n s to rage r ing. 

The f ron t end o f the SLC c o n 
s is ts o f an e lec t ron gun and 

boos te r and the f i rs t of the 3 0 sec
t o r s o f the main l inac. Here a pair 
of e lec t ron bunches at abou t 
2 0 0 M e V wi l l be jo ined by a s ingle 
bunch of 2 0 0 M e V pos i t rons f e d 
back f r o m the pos i t ron source 
fur ther d o w n the l inac. SLC pos i 
t r ons made their initial appearance 
several m o n t h s ago , but then per
verse ly w e n t in to h id ing. 

Sec tor 1 wi l l t ake the three 
bunches t o 1.21 GeV before pass 
ing t h e m in to damp ing r ings on 
ei ther s ide o f the main l inac. (The 
init ial plan had been t o place the 
t w o r ings one on t o p o f the o ther 
in the same vaul t , but th is w a s 

d r o p p e d in f avou r o f the t w o r ings 
in separa te vau l t s , one f o r elec
t r ons and the o the r fo r pos i t rons. ) 
The Sou th r ing (eventual ly f o r pos i 
t rons) w a s run reasonab ly success 
ful ly several years ago , but w a s 
rebui l t t o e l iminate t r oub lesome 
c o m b i n e d f unc t i on magne ts . The 
rebui ld ing is n o w c o m p l e t e , and 
beam shou ld hopefu l ly be reesta
b l ished s o o n . T h e Nor th Ring 
(electrons) is running rout ine ly . 

D o w n s t r e a m o f the damp ing 
r ings, the remain ing 2 9 0 0 met res 
o f t he linac m u s t be p o w e r e d by 
2 4 0 5 0 M W k l ys t rons t o take the 
beams up t o 5 0 GeV, w i t h a f o c u s 
ing and gu idance s y s t e m using 
hundreds o f quadrupo les and d i -
po les , n o w be ing put t h rough its 
paces. 

Exper ience has s h o w n tha t the 
k l ys t rons opera te bet ter at higher 
levels ( 6 0 - 7 0 M W ) w i t h a shor ter 
pu lse, h o w e v e r p roduc t i on p r o v e d 
t o be a bo t t l eneck . A c c o r d i n g t o 
pro jec t d i rec to r J o h n Rees, one-o f f 
k l ys t ron p roduc t i on w a s no p r o b 
lem w i t h S t a n f o r d ' s ' lov ing ca re ' , 
h o w e v e r mass p roduc t i on w i t h all 
the p r o b l e m s of qual i ty con t ro l 
w a s another mat te r . No t all the 
k l ys t ron s o c k e t s have t o be f i l led 
t o a t ta in the goa l o f the Z part ic le 
(93 GeV col l is ion energy) . H o w e v e r 
there look t o be enough k l ys t rons 
avai lable t o app roach des ign 
energy. 

T h e amb i t i ous pro jec t has also 
revealed unsuspec ted w e a k n e s s e s 
in the main l inac, cons t ruc ted w i t h 
d i f ferent cr i ter ia over t w e n t y years 
a g o , h o w e v e r beam pos i t ion ing 
w o r k is mak ing s teady p rog ress . 

To ta l l y n e w are the t w o arcs , 
requir ing s o m e 9 0 0 s t rong f o c u s 
ing , smal l aper ture magne ts t o 
con ta in the t iny beams . The f inal 
t ouches t o the col l id ing beams wi l l 
be p rov ided by a focus ing s y s t e m 
ex tend ing fo r 5 0 0 fee t on either 
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l e a d e r s i n c e 1968. A n d o u r 9 0 , 0 0 0 ^ a l l o w s u s t o p r o d u c e u p 
t o 315,000 p o u n d s p e r yea r . 

I f y o u r n e e d i s h i g h v o l u m e s u p e r c o n d u c t i n g w i r e a n d c a b l e , w e c a n 
m e e t y o u r p r o d u c t i o n a n d s p e c i f i c a t i o n r e q u i r e m e n t s . 

T h a t ' s w h y O x f o r d is i n a c lass b y i tse l f . 

DO YOUR HOMEWORK 
AND YOU'LL GO TO OXK>RD 

Oxford Superconducting Technology 

600 M i l i k Street, Carteret, New Jersey 07008, 
Telephone (201) 541-1300 Twx (710) 998-0492,Telex 844 142,Fax (201) 541-7769 

14001 

Well-founded informations give 
you a personal lead in any 
project management. Take for 
example 

Carbon fiber 
construction elements 

We provide easily built-in 
safety in Know-how. 

for specific use in experimental 
physics, for panels, pipes, 
shaped parts and combination 
products. 
Please request detailed infor
mation. Mr H. Mauch will be glad 
to advise you personally. 
We offer a range that is based 
on 25 years' experience and 
know how through successful 
collaboration with field specia
lists. 

Stesalit AG 
Kunststoffwerk 
CH-4249 Zullwil/SO 
Telefon 061/80 06 01, Telex 63182 T 
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POLIVAR S.p.A. 
Via Tr ies te 1 0 / 1 2 P.O. Box 111 
00040-POMEZIA (Roma) 
Te l . 0 6 / 9 1 2 1 0 6 1 Te lex 6 1 1 2 2 7 PLVI 

Product line 
Cast acryl ic sheets , bars , b l ocks , sc int i l la tors, 
l ight guides 

ROTAMETRES® 
pour faible debit gaz 

et liquide 

• en diverses executions 

• avec contact d'alarme 

• avec sortie electrique 

0/4 - 20 mA 

Demandez la documentation ! 

Smartpac/Cardpac 
the compact plug-in 
power supplies with linear 
regulation. 

The right 
choice for 
economy, safety and 
for double MTBF 

Oltronix 
Smartpac/Cardpac: 
Ferroresonant isolating 
transformers with up to 
80 dB interference 
suppression combines 
double MTBF with out
standing control proper
ties and compact design 

Oltronix power supplies offer 
more than voltage and current! 

T h e power boos t people . . . 

0LJRONIX 
OLTRONIX AG, 
Grillenweg 4, 2504 Biel 
Phone 032/42 44 45,Telex 34 637 

The Completely New |SHOT | Mult i -way System 

Model S M A 

0 Extra circuits can be f i t ted instantly by user, 
up to a maximum of eight. 

# Can be used wi th any Shaw Sensor. 
0 Different channels can cover different mea

suring ranges. 
0 Up to 1000 m of cable to each sensor 

wi thout line amplifiers. 
# Separate continuous analogue output f rom 

each channel. 
0 T w o separate alarms on each channel, con

tinuously in circuit. 
# System can be made intrinsically safe by 

using zener barriers. 

GP Electronic AG 
Gesellschaft fur Prozess-Automation, Bandlistrasse 29 , CH-8064 Zurich 

Telefon (01) 4 3 2 45 5 5 / 5 6 Telex 822 382 gpel 
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A view along the main Stanford linac, 
showing the new external focusing system. 

side of the col l is ion po in t . Here 
the beams wi l l be c o m p r e s s e d in to 
a penci l several m ic rons ac ross , 
s teered into col l is ion w i t h each 
o ther , and the d is to r ted emerg ing 
beams led of f into d u m p s on ei ther 
s ide. 

T o house exper imen ts , an exper
imenta l hall 5 6 feet deep , 6 5 fee t 
across and 2 3 3 feet long has been 
built s t radd l ing the po in t w h e r e 
the e lect ron and pos i t ron beams 
wi l l col l ide 3 8 feet b e l o w g r o u n d . 

Detective work 

First SLC phys ics wi l l c o m e f r o m 
the Mark II de tec to r , substant ia l ly 
rebui l t af ter a long career f i rs t at 
the SPEAR e lec t ron-pos i t ron r ing , 
then at the higher energies o f the 
larger PEP r ing. 

Previously a 5 0 - s t r o n g S L A C / 
Berkeley co l labora t ion , the Mark 
II pro jec t has g r o w n t o invo lve 
1 2 0 phys ic is ts also f r o m Hawa i i , 
Santa Cruz, Cal tech, M ich igan , 
Indiana, Johns Hopk ins and Co lo 
rado. 

Al l tha t remains o f the or ig inal 
Mark II is the i ron, the l iquid a rgon 
e lec t romagnet ic s h o w e r coun te r 
and the muon p ropor t iona l t ubes . 

The main change is the n e w 7 2 
layer dr i f t chamber , replacing the 
o ld 16 layer chamber w h i c h w a s 
beginn ing t o s h o w its age. In add i 
t i o n , the new- l ook Mark II hopes 
pick up 3 0 mic ron detai l w i t h a 
prec is ion dr i f t chamber a round the 
col l is ion po in t . A s impler ve rs ion 
used fo r PEP running go t d o w n t o 
1 0 0 m ic rons . The e lec t romagnet i c 
energy coverage has also been 
i m p r o v e d . 

Installation work underway for the arcs 
which will take the particles towards the 
collision point. 

(Photos Joe Faust) 
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Supercollider at Snowmass 

Impor tan t initial Mark II phys ics 
ob jec t i ves are t o pin d o w n the 
exact parameters o f the Z par t ic le 
(the carr ier o f the electr ical ly neu
tral par t o f the w e a k nuclear fo rce) . 
Precis ion measu remen ts a round 
the Z w i l l help imp rove l imi ts on 
the poss ib le number o f neut r ino 
t y p e s . A search fo r the s ix th ( ' top ' ) 
quark is a lso high on the agenda. 

The plans fo r the b igger SLD 
de tec to r on ly began t o take shape 
a f e w years ago . Th is c o m p r e h e n 
sive ins t rument (see Oc tobe r 1 9 8 4 
issue, page 325 ) inc ludes hadron ic 
energy measurement (ca lor imetry) . 

Preassembly and magne t 
measu remen ts are schedu led fo r 
next year. In terest ing fea tu res of 
the n e w de tec to r include the use 
of charge-coup led dev ices (CCDs) 
a round the beam pipe fo r p ick ing 
up shor t t racks and the CRID/RICH 
ring imaging Cherenkov . A lead / l i 
qu id a rgon c o m p o s i t i o n has been 
a d o p t e d fo r ca lor imet ry (energy 
depos i t i on measuremen t — see 
June issue, page 21 ) . 

W i t h f ive or more mi l l i seconds 
b e t w e e n SLC pu lses, expe r imen ts 
shou ld have p lenty o f t ime fo r s o 
ph is t i ca ted t r iggers and on- l ine 
data handl ing t o sor t ou t in teres t 
ing data be fore n e w in fo rma t ion 
ar r ives , h o w e v e r CCD readout 
m igh t require mo re t i m e . 

By pack ing in mo re k l y s t r ons , 
SLC's energy cou ld be pushed as 
high as 1 4 0 GeV or s o , but s o m e 
eyes at S tan fo rd are a l ready scan 
ning m o r e d is tan t hor izons. 

By Gordon Fraser 

Relaxing at the recent Summer Study on 
the proposed US Superconducting 
Supercollider (SSC) held at Snowmass, 
Colorado — Study Organizer Lee Pondrom 
of Wisconsin (left) and Murdoch Gilchriese 
of Cornell and the SSC Central Design 
Group. 

(Photos Esther Wojcicki) 
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W h i l e the p r o p o s e d US Super
conduc t i ng Supercol l ider — SSC, 
an 8 5 k i lomet re r ing t o p rov ide 
2 0 0 0 0 GeV (20 TeV) p ro ton 
beams — w a i t s hopefu l ly fo r the 
go -ahead , the US phys ics c o m 
mun i t y is prepar ing fo r life at the 
supercol l ider . 

A S u m m e r S tudy on SSC phys ics 
w a s held at S n o w m a s s Vi l lage, 
Co lo rado , th is summer . Successor 
t o similar w o r k s h o p s held in 1 9 8 2 
and 1 9 8 4 , th is year ' s s tudy w a s 
organized by Lee Pond rom o f W i s 
cons in under the sponso rsh ip o f 
the Div is ion o f Part icles and Fields 
(DPF) of the Amer i can Physical 
Soc ie ty , and w a s a t tended by over 
2 5 0 phys ic is ts f r o m 6 1 US o rgan 
izat ions and 2 5 overseas ins t i tu 
t i ons . 

The pr incipal goal w a s the cr i t ical 
eva luat ion o f all aspec ts of the 
SSC, in the l ight of the recent ly 
s u b m i t t e d Conceptua l Design 
Repor t (CDR — see J u l y / A u g u s t 
issue, page 12), and of p rog ress 
in accelerator t echno logy , col l ider 
phys ics , and ins t rumenta t ion . 

Working Groups 

T o ach ieve th is goa l , the S u m 
mer S tudy w a s organ ized in to fou r 
pr incipal w o r k i n g g r o u p s : Acce le r 
ator Phys ics , conce rned w i t h the 
s to rage r ing c o m p l e x i tself, o rgan 
ized by A lex Dragt of M a r y l a n d ; 
Physics and M o n t e Carlo S tud ies , 
l ook ing at p rocesses o f l ikely 
in terest at 4 0 T e V , organized by 
Go rdon Kane of M ich igan and 
T h o m a s Go t t scha lk , Cal i fornia Inst i 
tu te o f T e c h n o l o g y ; Ins t rumenta
t ion and De tec to r s , organized by 
H. H. W i l l i ams of Pennsy lvania, 
and Nonacce le ra to r Phys ics , such 
as p r o t o n decay searches , cosm ic 
ray p h e n o m e n a , or de tec t ion of 
solar neu t r inos , organized by David 
A y r e s o f A r g o n n e . 

The Acce le ra to r Physics w o r k i n g 
g roup conc luded tha t overa l l , the 
SSC concep tua l des ign w i t h s t o o d 
scru t iny and ra ted high marks . The 
pr imary des ign goa l is t o achieve 
2 0 T e V p r o t o n on p r o t o n col l is ions 
(40 T e V to ta l energy) at a high rate 
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( luminosi ty 1 0 3 3 / c m 2 ) . Cons ider
able a t ten t ion has been g iven t o 
the aper ture used in the concep tua l 
des ign . A deta i led examina t ion o f 
linear and dynamic aper tures c o n 
c luded that cond i t i ons needed fo r 
a luminos i ty of 1 0 3 3 are ach ievable . 
Considerable e f for t w a s a lso de 
v o t e d t o the analysis o f m e t h o d s 
fo r compensa t i on o f magne t e r ro rs , 
w i t h the a im of m o s t cheaply 
increasing the dynamic ape r tu re ; 
in part icular, changes in the des ign 
t o permi t the incorpora t ion o f local 
co r rec t ions w e r e sugges ted . C o n 
t inued analysis shou ld g ive mo re 
deta i led answers on the aper ture 
and long- te rm stabi l i ty issues than 
are con ta ined in the CDR; h o w e v e r 
no drast ic changes f r o m the CDR 
are an t ic ipa ted . 

The Acce le ra to r Physics g roup 
also s tud ied the layout o f t es t 
b e a m s , and part icular ly the key 
issue o f the des ign o f the p r o t o n 
beam in teract ion reg ions. The ma
jo r p roposa l t o emerge f r o m S n o w -
mass w a s a relat ively smal l bypass 
t o a c c o m m o d a t e the in teract ion 
reg ions. Th is w o u l d require a smal l 
en la rgement o f the main r ing , and 
the add i t ion o f the bypass tunne l 
and its c o m p o n e n t s , but it w o u l d 
great ly add t o the acce le ra to r ' s 
f lex ib i l i ty . By permi t t i ng the a s s e m 
bly o f cir i t ical c o m p o n e n t s o f large 
de tec to rs on the s p o t , it w o u l d 
make poss ib le fu ture d e v e l o p m e n t 
w i t h o u t long in ter rupt ions in the 
phys ics p r o g r a m m e . A bypass 
cou ld also p rov ide a long s t ra igh t 
sec t ion fo r de tec to rs t o s tudy the 
phys ics of so f te r col l is ion p r o 
cesses . 

The Physics and M o n t e Car lo , 
Ins t rumenta t ion and De tec to rs , 
and Nonacce lera tor Physics w o r k 
ing g roups l ooked at a range of 
re lated ques t ions . W h a t are the 
bes t s ignatures , and the re levant 
b a c k g r o u n d s , fo r SSC exper i -

men ts? W h a t requ i rements do the 
phys ics and the high des ign lumi 
nos i ty impose on de tec to r des ign? 
H o w can non-acce lera tor phys ics 
exper imen ts c o m p l e m e n t the SSC 
p r o g r a m m e ? 

The Physics and M o n t e Carlo 
d iscuss ions t o o k place in a con tex t 
set by t w o prev ious w o r k s h o p s , 
one at UCLA in January , deal ing 
w i t h s tandard mode l phys ics , and 
one at W i s c o n s i n , M a d i s o n , in 
Apr i l deal ing w i t h n e w phys ics . 
A s c o m p a r e d w i t h t w o years ago , 
S n o w m a s s 8 6 f ound imp roved 
s imula t ion techn iques , i m p r o v e d 
k n o w l e d g e of the quark s t ruc ture 
of nuclei , e tc . 

The Ins t rumenta t ion and Detec
t o r s w o r k i n g g roup repor ted en 
courag ing p rogress t o w a r d s the 
des ign of de tec to rs cover ing the 
ful l so l id angle and capable o f 
w o r k i n g at the SSC des ign lumi 
nos i ty . The p rospec ts fo r m u o n 
de tec t ion look very g o o d , and the 
p rob lems assoc ia ted w i t h s i l icon 
chip m ic rover tex de tec to r s , and 
w i t h the needed e lect ron ics and 
t r igger ing , appear so lvab le . Elec

t r on ident i f i ca t ion is l ikely t o 
achieve g o o d p ion re jec t ion , and 
high qual i ty ca lo r imet ry shou ld be 
feasib le us ing a u ran ium/ lead and 
l iquid a rgon comb ina t i on (see June 
issue, page 21 ) . 

In add i t ion t o cons ider ing de tec 
to r c o m p o n e n t s , layout s tud ies 
w e r e done fo r t w o overal l de tec to r 
des igns . These s tud ies indicate 
tha t the m u o n s y s t e m shou ld be 
built in place and tha t s t rong c o n 
s idera t ion shou ld also be g iven t o 
bui ld ing the cent ra l de tec to r in the 
in teract ion hal l , t hus e l iminat ing 
the need fo r an ex tens ive under
g round assemb ly area. 

The Nonacce lera tor Physics 
w o r k i n g g roup repor ted a number 
of in terest ing n e w deve lopmen ts 
in cosm ic ray and neutr ino phys ics , 
and in p r o t o n decay and m o n o p o l e 
search expe r imen ts . A l s o d is 
cussed w e r e so l id s ta te de tec to rs 
fo r neut r inos and o ther cand ida tes 

At Snowmass, an enthralled audience 
watches Jon Rosner of Chicago use a 
plastic bag to demonstrate the implications 
of superstrings. 
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f o r the invisible 'dark ma t te r ' o f 
the Universe. 

Town Meetings 

nat ing of f ice should be estab l ished 
t o ensure tha t cri t ical ques t ions 
are a n s w e r e d in t ime . Normal chan
nels fo r fund ing de tec to r R & D 
w o u l d con t inue , and univers i ty 
g roups w o u l d play a crucial role 
in SSC de tec to r R & D pro jec ts . 

A n ad hoc c o m m i t t e e w a s set 
up t o prepare a speci f ic p roposa l 
fo r an admin is t ra t ive s t ruc ture t o 
accomp l i sh the necessary SSC 
de tec to r R & D . M e m b e r s w e r e Y. 
Nagash ima, O s a k a ; L. P o n d r o m , 
W i s c o n s i n ; R. Schw i t t e r s , H a r v a r d ; 
G. Tr i l l ing, Berke ley ; and H. H. W i l 
l iams, Pennsy lvan ia ; M. Gi lchr iese, 
M. T igner , and S. W o j c i c k i f r o m 
the SSC Central Design Group 
(CDG) w e r e m e m b e r s ex o f f ic io . 
In the sugges ted p roposa l a coor 
d inator fo r de tec to r R & D w o u l d 
be appo in ted w i th in the CDG. A n 
internat ional adv isory c o m m i t t e e 
w o u l d be appo in ted t o assist the 
coord ina to r and t o keep the R & D 
p r o g r a m m e abreast of w o r l d - w i d e 
act iv i t ies. Th is p roposa l is n o w 
being ref ined fo r p resenta t ion t o 
the CDG Board of Overseers at 
their November meet ing . 

The d iscuss ion regard ing the 
f o r m a t i o n o f exper imenta l g roups 
and the handl ing of p roposa ls w a s 
m o r e d i f fuse, part ly because of 
the longer t imesca le invo lved . 
H o w e v e r it w a s recognized tha t 

exper imen ts at t he SSC wi l l be 
much larger than t hose at f i xed -
ta rge t mach ines . In add i t i on , s ince 
the SSC wi l l be the b iggest high 
energy research fac i l i ty in the 
w o r l d , it w i l l necessar i ly have c o n 
s iderable impac t on the soc io logy , 
fund ing and t ra in ing of graduate 
s tuden ts , and many o ther aspec ts 
of life in the phys ics c o m m u n i t y . 
The creat ion o f SSC de tec to r 
g roups wi l l no d o u b t be the sub ject 
of fu tu re mee t ings . 

The second T o w n Meet ing 
l ooked at the es tab l i shment of an 
SSC Users Organizat ion. In 1 9 8 5 
an ad hoc c o m m i t t e e w a s ap
po in ted t o cons ider the f o r m a t i o n 
of such a Users Organizat ion and 
to draf t a cons t i t u t i on . The c o m 
mun i ty at S n o w m a s s under l ined 
the need fo r such an organizat ion 
w i t h a b road ly based internat ional 
membersh ip . A n Amer i can Physical 
Soc ie ty c o m m i t t e e wi l l d r a w up 
necessary plans and wi l l appo in t 
a nomina t ing c o m m i t t e e t o p ro 
pose cand idate o f f icers in the user 
organ iza t ion . It is ant ic ipated tha t 
the f i rs t e lec t ions wi l l be held in 
the spr ing of 1 9 8 7 . 

A l t oge the r , the S n o w m a s s mee t 
ings d id much t o pave the w a y fo r 
the SSC. 

Anc i l la ry act iv i t ies at S n o w m a s s 
inc luded t w o T o w n Mee t i ngs ' t o 
d iscuss mat te rs of general high 
energy phys ics in terest . One w a s 
d e v o t e d t o SSC de tec to r issues 
and the o ther concen t ra ted on the 
es tab l i shment o f an SSC Users 
Organizat ion. 

Three re lated top i cs w e r e d is 
cussed at the T o w n Mee t ing on 
d e t e c t o r s : i) the con t inua t ion o f 
the w o r k begun at S n o w m a s s t o 
prepare an SSC de tec to r reference 
des ign s t u d y ; ii) the R & D w o r k 
t o prepare fo r SSC d e t e c t o r s ; and 
iii) the organizat ion o f the large 
co l labora t ions required t o cons t ruc t 
and opera te the SSC de tec to r s . 

There w a s a general consensus 
t o cont inue the S n o w m a s s w o r k 
on a de tec to r reference des ign 
s tudy , and a task fo rce of S n o w 
mass par t ic ipants plus o ther inter
es ted part ies shou ld be f o r m e d 
w i t h the goal of prepar ing a Detec
to r Reference Design S tudy . 

It w a s also clear tha t much SSC 
de tec to r R & D needs t o be d o n e , 
tha t th is shou ld be in ternat ional in 
scope , and tha t a central c o o r d i -

New perspectives from nuclear physics 
Connec t ions b e t w e e n nuclear phy
sics and ne ighbour ing d isc ip l ines 
of e lementary part ic le phys i cs , 
as t rophys ics and c o s m o l o g y w e r e 
emphas ized at the Internat ional 
S y m p o s i u m on W e a k and Elect ro
magnet ic In teract ions in Nuclei held 
in Heidelberg th is s u m m e r in c o n 

junc t ion w i t h the 6 0 0 t h anniversary 
o f the Univers i ty of Heidelberg. 

The meet ing ref lected the n e w 
t rend in nuclear phys ics t o w a r d s 
fundamenta l phys ics ques t ions . 
Impor tan t sub jec ts inc luded the 
roles of the neutr ino and of p ro ton 
decay and their deep impl ica t ions. 

L o w energy exper imen ts b e c o m e 
very impor tan t f o r tes t ing b e y o n d 
t o d a y ' s s tandard m o d e l : the 
search fo r neut r ino masses by 
endpo in t s p e c t r o s c o p y , neut r ino-
less doub le beta decay , neutr ino 
osc i l la t ions, neut r ino decays , and 
rare and f o rb i dden muon decays . 
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These exper iments are c o m p l e 
men ta ry t o d i rect searches fo r n e w 
part ic les and symmet r i es in high 
energy exper iments . 

A b o u t 3 0 0 par t ic ipants f r o m all 
over the w o r l d a t tended the mee t 
ing , sponso red by the Internat ional 
Union of Pure and App l i ed Phys ics , 
and the European Physical Soc ie ty . 
Chai rman of the mee t ing , held un 
der the pa t ronage of the Rector o f 
the Univers i ty , Gisbert zu Putl i tz, 
w a s Hans Vo lke r K lapdor f r o m the 
Max-P lanck- lns t i tu t fur Kernphys ik 
in Heidelberg. 

Neutrinos 

Major con t r ibu t ions in the neu
t r ino sec tor inc luded n e w l imi ts on 
the neutr ino mass f r o m the beta 
decay of t r i t ium (see Oc tober issue, 
page 4) and f r o m doub le beta de 
cay, whe re measurement o f the 
half- l i fe a l l ows ex t rac t ion o f the 
neutr ino mass by compar i son w i t h 
a calculat ion of the l i fe t ime. The 
m o s t act ive g roups in th is f ie ld 
repor ted their resul ts , a m o n g t h e m 
Hiroyasu Ejiri f r o m Osaka , Frank 
T. A v i g n o n e f r o m Co lumbia , Enrico 
Bel lot t i f r o m Mi lano, A . Mora les 
f r o m Zaragoza and the Santa Bar
bara g roup . 

H. V . K lapdor f r o m Heidelberg 
repor ted tha t a co l labora t ion of 
He ide lberg, Len ingrad, M o s c o w 
and Bordeaux g roups plans t o i m 
p rove the l imit on the half- l i fe fo r 
neutr ino less double beta decay o f 
ge rman ium 7 6 by about an order 
of magn i tude . They wi l l use de tec 
t o r s made of enr iched g e r m a n 
ium 7 6 (prov ided by Sov ie t sc ien
t ists) inside a wel l -sh ie lded cav i ty . 
German ium 7 6 p rov ides a l imit o f 
1 e lec t ronvo l t fo r the e lec t ron neu
t r i no ' s mass . 

Of part icular in terest are also the 
invest iga t ions of t rans i t ions t o 

Rudolf Mossbauer (left) from Munich and 
Vladimir Lobashev from Moscow at the 
recent International Symposium on Weak 
and Electromagnetic Interactions in Nuclei, 
held in Heidelberg. 

exc i ted s ta tes in ge rman ium 7 6 
by the Osaka g roup , w h i c h p rov ide 
in terest ing con t ras ts t o the g round 
s ta te t rans i t ions . 

Impor tan t cons t ra in ts fo r the 
neutr ino mass are p rov ided by 
nuclear react ions. Measu remen ts 
o f charge exchange react ions help 
infer the ef f ic iency o f solar neut r ino 
de tec to rs such as t hose using ga l 
l ium. Impor tan t data is being p ro 
v ided by Richard M a d e y ' s g roup 
f r o m Kent Sta te Univers i ty w o r k i n g 
at the Indiana Univers i ty Cyc lo t ron . 

Muon physics 

The ques t ion of muon- to -e lec -
t r on convers ion is as o ld as the 
m u o n itself. W h e n it w a s realized 
tha t the m u o n does not decay in to 
e lec t ron and p h o t o n , the concep t 
o f separate ly conse rved muon ic 
and e lect ronic lepton numbers w a s 
in t roduced as an ad hoc hypo the 
sis. Recent ly th is ques t ion has 
assumed addi t ional impor tance 

because of i ts impl ica t ions fo r ex
tens ions o f the s tandard mode l . 

Pierre D e p o m m i e r f r o m Mont rea l 
repor ted f r o m the TRIUMF Cana
dian m e s o n fac i l i ty a pre l iminary 
upper l imit f o r t he branching rat io 
o f muon - to -e lec t ron convers ion t o 
to ta l m u o n capture o f less than 
4 x 1 0 " 1 2 . Roland Engfer and Ri
chard M i schke repor ted the s ta tus 
of the SIN (Switzer land) and 
Los A l a m o s expe r imen ts . Theo re 
t ical aspec ts o f muon-e lec t ron 
convers ion in the presence of 
nuclei and c o m p l e m e n t a r y aspec ts 
of neut r ino less doub le beta decay 
w e r e d iscussed by J o h n V e r g a d o s 
f r o m loannina. 

Grand unification and superstrings 

Ling-Lie Chau f r o m Dav is /Ca l i 
forn ia and Klaus Schuber t f r o m 
Heidelberg repo r ted the s ta tus o f 
e l ec t roweak gauge theor ies and 
in part icular quark mix ing in w e a k 
in terac t ions . T o d a y ' s resul ts sug -
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Left to right: Peter Brix, Senior Director of 
Heidelberg's Max-Planck-lnstitut fur 
Kernphysik, Gisbert zu Putlitz, Rector of 
Heidelberg University, and Symposium 
Chairman Hans Volker Klapdor toast a 
successful conference. 

(Photos Schloss-Photo Heidelberg) 

gest tha t ei ther there is no f ou r t h 
fami ly of quarks or i ts mix ing w i t h 
the k n o w n three fami l ies is ve ry 
w e a k . Since subt le radiat ive elec-
t r o w e a k cor rec t ions are impo r tan t 
fo r the in terpre ta t ion o f exper 
imenta l resul ts , there is no indica
t i on fo r neutral gauge b o s o n s o ther 
than the p h o t o n and Z ° . 

Paul Langacker f r o m Phi ladelphia 
and Norber t Dragon f r o m Hanover 
d iscussed Grand Uni f icat ion T h e 
or ies (GUTs) and s u p e r s y m m e t r y 
mode l s w h i c h w o u l d a c c o m m o d a t e 
t o d a y ' s l imi ts on the p r o t o n l i fe
t ime . Extens ions of the s tandard 
mode l w e r e d iscussed by Rober to 
Peccei f r o m DESY. It is poss ib le 
t o env isage mode ls in w h i c h appar
ent ly d i sconnec ted p h e n o m e n a , 
l ike smal l neutr ino masses , invis ib le 
ax ions and the un iverse 's ba ryon 
a s y m m e t r y , have a c o m m o n or ig in . 
Th is sugges ts again tha t bes ides 
exp lor ing the high energy f ron t ie r 
it is w o r t h w h i l e t o look fo r subt le 
e f fec ts in l o w energy exper imen ts . 

Jean-Pierre Derendinger f r o m 
Paris s ta ted that there are no s i m 
ple GUTs b e l o w the Planck mass 
of 1 0 1 9 G e V (when grav i ta t ion and 
e lec t romagnet ic in teract ions be
c o m e comparab le) . A t energ ies 
b e y o n d th is level supers t r ing the 
or ies cou ld lead t o GUTs . Q u a n t u m 
number v io la t ion in supers t r ing 
mode ls w a s d iscussed by Quaisar 
Shafi f r o m Delaware. 

Dark matter and the early Universe 

In the m o s t current mode l s of 
the Universe only 10 per cent of 
i ts mass cons is ts of nuc leons. 
A c c o r d i n g t o David S c h r a m m (Chi
cago) , neutr inos are the bes t can 
d ida tes fo r the mys te r ious dark 
mat te r in teract ing on ly feeb ly w i t h 
the rest of the Universe. 

A l t h o u g h there is no t ye t a fu l ly 

cons is ten t p ic ture o f ' in f la t ionary ' 
expans ion in the early c o s m o s , 
conference speaker Robert Bran-
denberger f r o m Cambr idge sug 
ges ted that the mechan ism p ro 
v ides the m o s t natural exp lanat ions 
fo r the obse rved i so t ropy of the 
3K m i c r o w a v e backg round radi 
a t i on , the f la tness o f space and 
fo r the e l iminat ion of ' u n w a n t e d ' 
par t ic les. 

There seems t o be increasing 
ev idence tha t the universe is o lder 
than 15 bi l l ion years . Gustav T a m -
mann f r o m Basel repor ted 
1 8 ± 3 bil l ion years f r o m globular 
c lus te rs ,cons is ten t w i t h the recent 
Heidelberg f igure of about 2 0 b i l 
l ion years f r o m c o s m o c h r o n o m e -
te rs . A s po in ted out by W o l f g a n g 
Pr iester 's g roup f r o m Bonn and by 
K lapdor ' s g roup , th is w o u l d ind i 
cate a nonvan ish ing cosmo log ica l 
cons tan t (source of vacuum energy 
densi ty) fo r values of the Hubble 
cons tan t (wh ich g ives the o b s e r v e d 
rate of expans ion of the universe) 
greater than 4 5 k m M e g a p a r s e c - 1 

s e c - 1 . The energy dens i ty of the 
vacuum co r respond ing t o a pos i 
t ive value o f the cosmo log ica l c o n 
s tant cou ld lead t o a qui te di f fer
ent so lu t ion of the dark mat te r 
p rob lem. 

Input f r o m nuclear phys ics exper
iments is p rov id ing n e w l imits on 
the ex is tence (or non-ex is tence) 
of poss ib le n e w par t ic les, such as 
the shor t - l i ved ' ax ion ' . 

Results f o r the electr ic d ipole 
m o m e n t of the neut ron w e r e re
po r ted by Norman Ramsey f r o m 
Harvard and Vlad imi r Lobashev 
f r o m M o s c o w . The latest value is 
measur ing d o w n t o (— 1 . 8 ± 2 . 9 ) x 
1 0 - 2 5 c m , equivalent t o enlarging 
the neut ron t o the size of the ear th 
and observ ing that the radius o f 
the charge d is t r ibu t ion at the po le 
w o u l d di f fer f r o m that at the equa
to r by on ly 0 . 0 1 m m ! 

Initial resul ts w e r e repor ted f r o m 
Ernst O t t en ' s g roup in Mainz on 
the measu remen t o f quasi-e last ic 
e lec t ron sca t te r ing in bery l l ium 9. 
Toge the r w i t h o the r resul ts th is 
exper iment y ie lds n e w sharper 
l imi ts fo r the coup l ing o f w e a k 
neutral hadron ic cur ren ts . 

J o h n Sharpey-Schafer and his 
g roup f r o m L iverpoo l w o r k i n g at 
Daresbury repo r ted a measu remen t 
of the h ighest sp in seen in an 
a tomic nuc leus. A spin of 6 0 , 
abou t 2 0 uni ts higher than prev ious 
obse rva t i ons , w a s d iscovered in 
a s u p e r d e f o r m e d ro ta t iona l band 
of d y s p r o s i u m 1 5 2 . 

Exotic nuclei and astrophysics 

Considerab le p rog ress is being 
made in inves t iga t ions of nuclei 
far f r o m stab i l i ty . Th is is the c o n 
c lus ion f r o m repo r t s by A lex Mue l 
ler and Jean-Pierre Dufour f r o m 
GANIL (Caen), A lexander Bykov 
f r o m Gatchina (Leningrad), Richard 
W . Hof f f r o m L i ve rmore , O t t o K lep-
per f r o m GSI (Darmstadt ) and o t h 
ers. The n e w in fo rmat ion is of 
great impo r tance fo r theor ies o f 
inaccessib le nucle i , required fo r 
unders tand ing e lement synthes is 
in the Universe and fo r deduc ing 
the age of our ga laxy f r o m cos -
m o c h r o n o m e t e r s . 

The dec is ive role of nuclear elec
t r on capture at severa l s tages of 
the evo lu t ion of mass ive s tars w a s 
repor ted by J o c h e n W a m b a c h 
f r o m Urbana. Elect ron capture on 
the i ron g roup nuclei in the core 
part ly t r iggers the grav i ta t iona l 
co l lapse of (Type II) supernova 
p rogen i to rs once the cond i t i ons 
are r ight . A l s o hyd rodynamica l 
shock p ropaga t i on in the pos t -
bound phase and ' de layed ' exp lo 
s ions d e p e n d on the neutr ino lumi 
nos i ty beh ind the shock , w h i c h is 
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gove rned by capture in the core . 
H o w the w e a k in teract ion con t ro l s 
the early life of a neut ron star w a s 
d iscussed also by A d a m B u r r o w s 
f r o m S tony Brook . 

Proper t ies of nuclear ma t te r in
f luence stel lar evo lu t ion . A n e w 
equat ion of s ta te fo r nuclear ma t te r 
at high dens i ty w a s used by Sid 
Kahana and co l labora to rs f r o m 
Brookhaven in hyd rodynamica l 
s imu la t ions of stel lar co l lapse. 
These calculat ions are the f i rs t t o 
p roduce a p r o m p t shock -exp los i ve 
mechan ism fo r t y p e II supernovae 
using realist ic evo lu t ionary super

nova mode l s — those of W e a v e r 
and W o o s l e y f r o m L ivermore w i t h 
12 and 15 solar masses . 

The n e w break th rough is 
ach ieved by theoret ica l ly a l ter ing 
the exper imenta l ly rather uncer ta in 
equat ion of s ta te fo r nuclear ma t te r 
at high dens i t y , in the d i rec t ion o f 
so f ten ing of high dens i ty mat te r , 
and by the in t roduc t ion of relat iv-
istic g rav i ta t ion into the co l lapse 
phase. Bo th lead t o an increase of 
the energy initially p u m p e d in to 
the shock . Th is result is impor tan t 
also for the unders tand ing of t he 
synthes is o f heavy e lements in the 

Universe by the rapid neut ron cap
ture p rocess in exp los ive he l ium-
burn ing. 

The par t ic ipants w e r e s t imu la ted 
by the f ru i t fu l in terac t ions at th is 
in terd isc ip l inary con ference and 
several count r ies expressed their 
in terest in hos t ing a similar confer 
ence in 1 9 8 9 . Th is year ' s p roceed 
ings wi l l be pub l ished by Spr inger-
Ver lag . 

From Hans Volker Klapdor. 

Around the Laboratories 

CERN 
Neutrinos back 
in town 

In Sep tember the high energy neu
t r ino beam f r o m the SPS Super 
Pro ton Synchro t ron w a s back in 
bus iness fo r the f i rs t t ime in t w o 
years . 

In 1 9 8 4 , there w e r e t w o big 
e lect ronic counter exper imen ts 
catch ing the neutr inos in the W e s t 
A rea - the W A 1 CERN / Dor t 
m u n d / Heidelberg / Saclay col la
bo ra t i on , f o l l o w e d by the C H A R M 
(CERN / Hamburg / A m s t e r d a m / 
Rome / M o s c o w ) de tec to r — w i t h 
the big BEBC bubble chamber 
d o w n s t r e a m . Their w o r k d o n e , 
the big de tec to rs are no m o r e , but 
the s t rong CERN t rad i t ion o f p rec i -

Looking upstream at the CHARM II detector 
now studying the rare but informative 
interactions of neutrinos with electrons at 
CERN. The high energy neutrinos first 
encounter the 36 metre modular target 
calorimeter equipped with scintillators and 
drift tubes. Downstream (left) is the muon 
spectrometer inherited from a previous 
neutrino experiment (WA 1 — CERN / 
Dortmund / Heidelberg / Saclay). 
(Photo CERN 7.7.86) 
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Controleur 
de circulation 

Pr inc ipe: pa le t te ar t iculee 

Ut i l i sa t ion : pour de tec te r de fa ib les deb i ts de 
l iquides et de gaz dans des condu i -
tes ver t ica les ou hor izonta les 

D iamet res : 5 0 - 2 0 0 m m , raccords par br ides 
DIN ou ta raudes # 

Deb i t s : 2 0 - 3 4 0 m 3 / h 

C o n t a c t s : 1 con tac t reglable pour faible de
bit 

Press ions : max . 16 bar 

T e m p e r a t u r e : - 3 0 °C a + 1 2 5 °C 

Mate r iaux : acier inox 1 .4571 (V4A) 

type 311 

Demandez la documentation aupres de 

Oer l ikoners t rasse 8 8 
te l . 0 1 / 3 1 1 4 0 4 0 

C H - 8 0 5 7 Zur ich 

• VACUUM TECHNOLOGY 

• NUCLEAR TECHNOLOGY 

• CHEMISTRY 

• CRYO-TECHNOLOGY 

E V A C A G 
CH-9470 BUCHS 3 Postfach 59 
Tel. 085/5 58 68 Tlx. 855 523 

(Switzerland) 

M a c V E E 
The Direct Link 

from the Macintosh'" 
to VMEbus crates 

Available from: 

| bergoz | 
Crozet 

01170 Gex, France 
(50)41.00.89 

The system was developed by CERN, Geneva, Switzerland. 
CERN accepts no responsibility for the quality, design or 
performance of these equipment 
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Stopping antiprotons 

On 23 August, the healthy stack 
of antimatter in CERN's Antipro-
ton Accumulator A A was cere
monially destroyed, marking the 
end of an era for the A A, which 
for six years has provided the 
CERN machines with antiprotons 
and has helped propel this re
search into the forefront of 
world science. Now begins a 
one-year antiproton pause to 
construct the new ACOL Anti-
proton Collector. From next 
year, ACOL and A A will work 
in tandem to provide the CERN 
machines with more antiprotons 
than ever. 

Earlier, a Washington/ 

Mainz/Fermilab team working 
at CERN's LEAR Low Energy 
Antiproton Ring tried to bring 
antiprotons to a complete stop 
in their own way. Particles 
slowed down in LEAR to 21 
MeV were further decelerated 
to 1 keV. These unhurried par
ticles were snared for up to 
several minutes in the electric 
and magnetic fields of a Penning 
trap. When antiproton activities 
resume at CERN next year, the 
team hopes to capture the par
ticles for even longer and to 
make a precision comparison 
of the masses of the proton and 
its antiparticle. 

s ion neut r ino s tud ies con t inues 
w i t h the C H A R M II s tudy , n o w 
tak ing its f i rs t data. (A l though the 
A m s t e r d a m con t ingen t f r o m the 
or iginal C H A R M team has been 
replaced by Naples, Brusse ls , Lou -
vain and Mun ich , the handy ac ro 
n y m s t i cks !)v 

Draw ing on C H A R M exper ience, 
the n e w de tec to r uses a to ta l o f 
155 2 3 2 plast ic s t reamer t u b e s , 
g rouped in to 4 2 0 modu les cons is t 
ing o f a glass ta rge t 3 .7 m square 
and 4 8 m m th ick , f o l l o w e d by a 
plane of 3 5 2 s t reamer t ubes . 
Equipped w i t h digi tal readou t , the 
s t reamer tubes measure the p o s i 
t i on o f the neutr ino in terac t ions 
and their subsequent d e v e l o p m e n t . 

The 3 6 met res of de tec to r ins t ru 
m e n t e d w i t h s t reamer t ubes is f o l 
l o w e d by a 9 met re - long s p e c t r o 
meter t o t rack m u o n s emerg ing 
f r o m (charged current) neut r ino 
in terac t ions . 

Occasional ly the incoming neu
t r inos hit a tom ic e lect rons rather 
than the relat ively huge nuclei . 
These e lec t ron in teract ions are 
very ' c lean ' and p rov ided enough 
can be f o u n d , make excel lent p re
c is ion measurements of the para
mete rs of the under ly ing e lec t ro -
w e a k theory . C H A R M I p rov ided 
m o s t of the w o r l d ' s s t ock of elec
t ron-neu t r ino scat ter ing data 
( 2 0 0 events) , but i ts successor 
hopes t o b o o s t these relat ively 
meagre s ta t is t ics t en fo ld . 

Precision measuremen ts of the 
e lec t roweak parameters p rov ide 
ins ights into theor ies e n c o m p a s s 
ing the e lec t roweak p ic ture. For 
example resul ts f r o m C H A R M I on 
neut r inos scat ter ing on nuc leons 
g ive a value fo r the e lec t roweak 
mix ing parameter (the ' W e i n b e r g 
angle') w h i c h favours s u p e r s y m -
me t r y as the larger theory , rather 
than the comb ined (SU5) s y m m e t r y 

of the e lec t roweak p ic ture w i t h 
q u a r k / g l u o n f ie ld theory . H o w e v e r 
these measu remen ts use neut r ino 
in terac t ions w i t h quarks in nucle i , 
d i f f icu l t t o in terpre t because o f the 
many u n k n o w n quark quant i t ies 
enter ing the ca lcu la t ions. On the 
o ther hand all t he quant i t ies in elec
t ron -neu t r ino sca t te r ing are k n o w n . 

T o f eed C H A R M II , CERN's neu
t r ino beam has been rebui l t t o p ro 
v ide mo re par t ic les . 

DESY 
HERA progress 

On 10 Sep tember , dri l l ing of the 
second quadran t o f the 6 .3 k m 
tunnel f o r the HERA e lec t ron-p ro 
t o n col l ider at the DESY Labora to ry 
in Hamburg w a s c o m p l e t e d . W o r k 
is n o w near ing the deepes t part 
of the r ing , 2 3 met res b e l o w the 
surface and 12 me t res b e l o w 
g r o u n d w a t e r level . The wa te r t i gh t 
connec t i on t o the Nor th Hall has 
been successfu l ly c o m p l e t e d . 

Meanwh i l e insta l la t ion of the 
f i rs t quadran t of t he r ing b e t w e e n 
the Sou th and W e s t Halls is p ro 
gress ing w e l l . T h e f i rs t o f four 
'HERA t r a m s ' fo r t ranspor t i ng 
equ ipmen t and c o m p o n e n t s in the 
tunnel — inc luding the 12-met re 
e lec t ron r ing modu les — has been 
de l ivered. 

The tunne ls connec t ing the 
PETRA s to rage r ing (which wi l l be 
used as in jector f o r b o t h p ro tons 
and e lectrons) w i t h HERA are be ing 
cons t ruc ted . A l l civi l engineer ing 
w o r k is schedu led t o be f in ished 
th is year. The main c o m p o n e n t s 
of the HERA c ryogen ic p lant are 
also being t e s t e d . 

Series p roduc t i on o f the modu la r 
magne t s y s t e m fo r the e lec t ron 
ring has s ta r ted and the 12-met re 
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modu les shou ld cont inue t o arr ive 
at DESY at the rate o f several per 
w e e k . Each modu le includes a 
9 -met re convent iona l d ipo le m a g 
net p rov id ing a f ie ld of 1 8 5 0 Gauss 
and wi l l a lso suppor t the requi red 
quadrupo les , sex tupo les and cor
rect ion coi ls . 

The fou r th 9 -met re supe rcon 
duc t ing d ipo le magne t has been 
del ivered fo r the HERA p r o t o n r ing. 
It w a s w o u n d and col lared at DESY 
and m o u n t e d in an i ron y o k e and 
c ryos ta t at B r o w n Bover i , M a n n 
he im, using the ' hyb r i d ' techn ique 
(collars plus co ld iron) deve loped 
at DESY in 1 9 8 4 (see Sep tember 
issue, page 4) . The c ryogen ic p ro 
pert ies of th is magne t have n o w 
been measured at DESY. It reached 
the shor t sample current of 
6 7 0 0 A at 4 . 6 K ( 5 0 2 7 A are re
qui red fo r 8 2 0 GeV p ro tons at 
HERA) w i t h o u t t ra in ing and w i t h 
a d ipo le f ie ld pur i ty we l l w i t h i n the 
spec i f i ca t ion . The redes igned sup 
por t s t ruc ture resul ted in a much 
reduced heat leak at the 4 . 6 K lev
el. The obse rved heat leak o f 4 . 6 
w a t t is w i th in the spec i f i ca t ions . 
The p roduc t ion of 2 4 2 d ipo le m a g 
nets by an Italian conso r t i um c o m 
posed of LMI (cable), A n s a l d o (col 
lared coi l w i t h yoke) and Zanon 
(cryosta t and assembly) has 
s ta r t ed , and tender ing fo r an equal 
number of d ipole magne ts has 
begun . 

Saclay has des igned and c o n 
s t ruc ted t w o p r o t o t y p e quadru 
po les , also of the HERA t y p e , w i t h 
co l la r -suppor ted coi ls and co ld 
i ron . These have been t e s t e d at 
DESY w i t h excel lent resul ts . The 
order fo r the arc quadrupo les wi l l 

Aerial dipole — a 9 metre superconducting 
magnet for the HERA electron-proton 
Collider at the DESY Laboratory in Hamburg 
swings aloft at the Brown Boveri plant in 
Mannheim after final assembly. 

(Photo Brown Boveri) 
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Superconducting cable for the magnets of 
the HERA electron-proton Collider at DESY 
in Hamburg being tested at Brookhaven in 
the US. This work is something of a 
Brookhaven speciality. Meyer Garber (right) 
who supervises HERA wire and cable 
measurements at Brookhaven is seen here 
with Joe d'Ambra lowering a cable test 
probe into a dewar containing a 1 metre 
dipole magnet. 

(Photo Brookhaven) 



New! From J}^EGzG ESN 
CAMAC CONSTANT FRACTION DISCRIMINATOR 

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

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

For more information: 
contact Alan Douglas or John Sanders 
under Telephone 0 8 9 / 9 2 6 9 2 - 5 0 0 

n 
0* EGzG ESN 
HohenlinderierStraBe 12 • D-8000 Munchen 80 
Telex 5 28257 • Telefax 089/91012 83 
(Distributed by EG + G Ortec representatives 
worldwide) 

WAS. Munich 

NUCLEAR 
ENGINEERING 

For over twenty years CERN has been placing its trust 
in our members, who are specialists in such fields as: 

• precision machining 
• miniature components 
• electronics (hard and soft) 
• sheet-metalwork 
• welding for high-vacuum 
• precision industrial optics. 

In addition to technical expertise, our firms guarantee: 

• reliable delivery dates 
• Swiss precision 
• excellent value for money 
• a good after-sales service. 

It is not mere chance that Geneva, the birthplace of 
major inventions, is still in the forefront of industrial 
progress. 

Consult our specialists. They are there to find you 
the best sub-contractor. 

Come to visit our permanent exhibition open from 
Monday to Friday 8 a.m. to 6 p.m. 

opi OFFICE POUR LA PROMOTION 
DE L'INDUSTRIE GENEVOISE 

9, rue Boissonnas, CH-1227 Geneva 
Telephone: 022 /424244; telex: CH 429080 opi 

SCINTILLATORS 

fcve the toertisf and tgp know-how for high-quality pias 
w a t o r s . r ; 
• l i gh t ou tp l t "excellent transmission and fast speed are t 

mailneatures of our plastic scintillators. We manufacture ail si 
to c iHkmers specifications. Rods, sheets, blocks and light guides 
witlt pBshed or coated surfaces will be manufactured within close 
to lerates. 
Lithlutfglass-scintiliators are available in special shapes and si2es 
from powders for HPLC and flow cells, discs for neutron measure
ment ! etc. Various types from low background to very high effic
iency are available. 

Z I N S S E R 

A N A L Y T I C (uk) Ltd. 
unit D9, Depot Road, Maidenhead, Berks, SL6 1BG, 
united Kingdom, Telephone 0628 24570 M&K 
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The Key 
to Measurement and Control Jobs 
in the Field of Vacuum Technology 

TCS 1000 -
Microprocessor Intelligence 

a stand-alone solution or in 
conjunction with a host com
puter. Program processes are 
stored in such a way that they 
can be called as desired. Op
erations such as control func
tions and measurements in 
the backing or high vacuum 
range as a function of the 
time or pressure can be defin
ed. Measuring range 1000 -
4x10 - 1 0 mbar. Further func
tions include gas inlet, venting, 
switching of valves and other 
components. Protection feat
ure to prevent unauthorised 
access to the stored program. 

Vacuum technology at its 
simplest. You could soon be 
holding the key to the TCS 
1000. 
For further information, ask 
for our publication 
PM 800059 PE. 

TCS 1000 - the state-of-the-
art control unit for the very 
latest in vacuum pumping 
units. Automatic control and 
monitoring of program opera
tions in vacuum process en
gineering. Suitable for use 
with all types of vacuum pump. 
The TCS 1000 may be used as 

CONTROL UNIT TCS 1000 

% % M 

Balzers Aktiengesel lschaft 
FL-9496 Balzers 
Fiirstentum Liechtenstein 
Tel (075)44111 
Telex 8 8 9 7 8 8 bva f I 
Telefax (075) 4 4 4 1 3 

Ar thur Pfeiffer Balzers 
Vakuumtechnik Wetzlar GmbH 8 Sagamore Park Road 
Post fach1280 " Hudson, NH 03051 
D-6334Ass la r Tel (603) 8 8 9 - 6 8 8 8 
Tel (06441) 8 0 2 - 0 T W X 710 228 7431 
Telex 48 38 59 
Fax (06441) 8 0 2 - 2 0 2 

PM 8 0 0 0 6 4 PE 
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be p laced by the end of t he year . 
Ser ies p roduc t i on o f the 9 3 0 k m 

o f supe rconduc t i ng cable needed 
f o r t he d ipo les is we l l u n d e r w a y 
at B r o w n Bover i (Swi tzer land and 
W e s t Germany) and LMI (Italy). I ts 
cr i t ical cur rent is be ing c h e c k e d 
dur ing p roduc t i on w i t h sho r t s a m 
ple m e a s u r e m e n t s . It is we l l a b o v e 
8 0 0 0 A at 4 . 6 K and a magne t i c 
f ie ld o f 6 .6 Tes la . A samp le f r o m 
LMI even reached 9 0 1 0 A . Th is 
has t o be c o m p a r e d w i t h 6 0 0 0 A 
carr ied by cable of the s a m e t y p e 
a f e w years ago . V a k u u m s c h m e l z e 
( W e s t Germany) has supp l ied the 
1 1 5 k m of cable f o r the quad ru 
p l e s . A g a i n the cr i t ical cur ren t is 
we l l above spec i f i ca t ions . 

T h e co r rec t i on m a g n e t s are be
ing p r o d u c e d by a Du tch c o n s o r 
t i u m c o m p o s e d o f SLE (conduc to r ) , 
Sm i t h Draad ( insulat ion) and Holec 
( fabr icat ion) . A preser ies o f t en 
super fer r ic d ipo le m a g n e t s ( to be 
m o u n t e d in the quadrupo le c r y o -
stats) and 2 0 supe rconduc t i ng 
s e x t u p o l e / q u a d r u p o l e m a g n e t s 
( w o u n d d i rec t ly on the v a c u u m 
p ipe in the d ipo le c ryos ta ts ) has 
been p r o d u c e d and t e s t e d at DESY 
w i t h ve ry sa t is fy ing resu l ts . The 
ser ies p roduc t i on o f the 2 5 0 s u 
per ferr ic d ipo le m a g n e t s and the 
4 5 0 s e x t u p o l e / q u a d r u p o l e m a g 
ne ts has s ta r t ed . 

FERMILAB 
Lots of charm 
The w o r l d s t o c k o f cha rm has been 
b o o s t e d by Fermi lab p h o t o p r o d u c -
t i on expe r imen t E 6 9 1 , a co l l abora 
t i on cons is t i ng o f Fermi lab, Cal i for
n ia-Santa Barbara, Car le ton , Co lo 
rado , NRC-Canada, Rio de Jane i ro , 
Sao Paolo , and T o r o n t o g r o u p s . 
T h e exper imen t t o o k data f o r a 
f i ve m o n t h run last year , and one 
hundred mi l l ion even ts w e r e w r i t -

t en on to , t ape and an analys is o f 
15 per cent o f th is data samp le 
has a l ready p r o d u c e d inf luent ial 
m e a s u r e m e n t s of the l i fe t imes o f 
cha rmed par t ic les . Th is data w a s 
s ing led ou t f o r specia l m e n t i o n by 
rappor teur M u r d o c k Gi lchr iese at 
t he Berke ley con fe rence in Ju ly . 

T h e b e a m is the Pro ton-East 
l ine, w i t h c ryogen ic m a g n e t s a d d e d 
t o a c c o m m o d a t e the higher energy 
o f the T e v a t r o n , w i t h the p h o t o n 
b e a m p r o d u c e d as rad ia t ion f r o m 
a 2 5 0 GeV seconda ry e lec t ron 
b e a m . The exper imen t w a s able 
t o obse rve such a large number 
o f p h o t o n in te rac t ions due t o t he 
h igher energy and i m p r o v e d per
f o r m a n c e o f the acce lera tor and 
an increased accep tance of the 
e lec t ron b e a m . 

E 6 9 1 uses the T a g g e d Pho ton 
S p e c t r o m e t e r w h i c h had been used 
in a p rev ious expe r imen t s t udy ing 
c h a r m p h o t o p r o d u c t i o n , bu t up 
g raded w i t h i m p r o v e d t rack ing and 
par t ic le ident i f i ca t ion and a ve r tex 
d e t e c t o r us ing the n e w t e c h n o l o g y 
o f s i l icon m ic ros t r i p de tec to r s . 
Nine p lanes o f these d e t e c t o r s , 
p laced immed ia te l y d o w n s t r e a m 
o f the bery l l ium ta rge t , a l l ow the 
recons t ruc t i on o f the cha rm 
decays . T h e high reso lu t ion o f t he 
ve r tex de tec to r makes c lean s e p 
ara t ion o f p roduc t i on and decay , 
resu l t ing in a severa l hundred - fo ld 
reduc t ion o f b a c k g r o u n d . 

Over 15 0 0 0 cha rmed part ic le 
decays wi l l be recons t ruc ted f r o m 
the ful l data samp le . Because o f 
the high s ta t i s t i cs and l o w back 
g r o u n d , E 6 9 1 wi l l make ve ry p re 
c ise measu remen ts o f the c h a r m e d 
par t ic le l i fe t imes, and w i l l search 
fo r rare decay m o d e s and n e w 
cha rmed par t ic les . 

Th is recons t ruc t i on o f the ent i re 
da te samp le w i l l require an enor 
m o u s c o m p u t i n g e f fo r t . E 6 9 1 is 
t he f i rs t expe r imen t t o use the 

mu l t i p rocesso r ' f a r m ' d e v e l o p e d 
by t he A d v a n c e d C o m p u t e r Pro
g r a m at Fermi lab . Th is s y s t e m 
recons t ruc t s m a n y even ts s imu l 
t aneous l y , g rea t ly reduc ing the 
analys is t i m e . C o m p l e t e analys is 
of t he ful l da ta samp le is eager ly 
a w a i t e d . 

Mass plots from the Fermilab experiment 
studying photoproduction of charm, 
showing (top) the D meson peak in a three 
particle final state and (below) the D and 
Ds (formerly called F) peaks in a two particle 
final state. 
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Wandel & Goltermann 
Electronic Measurement Technology 13 

Data network 
diagnostics? 
The DNE has the 
flexibility to handle 
any number of lines 

The DNE puts an end to cable tangle in 
modem cabinets. W&G's DNE increases 
the reliability, the efficiency and the avail
ability of datacom systems. Using the 
DNE you can connect up test equipment 
manually or by remote control. It is also 
possible to loop in test sets, to switch to 
backup equipment orto perform complex 
network monitoring. The DNE is flexible, 
expandable and strong on details. 
Highly reliable and precise, the DNE is 
designed and manufactured by experts. 
Just fill in the coupon for more detailed 
information. 

Wandel &Goltermann (Schweiz) AG; Postfach 254 
3000 Bern 25, Tel. 31-426644, tlx. 912350wgch 
Please send me a free 

• DNE colour brochure 

• data test technology product guide 

Name 

Company 

Street 

Town 
Tel E6356K 
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Physics monitor 

Participants at the recent conference on 
muon spin rotation, held at Uppsala, 
Sweden. 

CONFERENCE 
Muon spin rotation 

A n internat ional phys ics confer 
ence cent red on m u o n s w i t h o u t a 
w o r d about l ep tons , w e a k interac
t i ons , EMC e f fec ts , exo t ic decay 
m o d e s or any o ther s tandard high 
energy phys ics j a rgon . Could such 
a th ing even have been imag ined 
ten years ago? Ye t abou t 1 2 0 phy
s ic is ts and chemis ts f r o m 16 na
t i ons ga thered at the end o f June 
in Uppsala (Sweden) fo r their f ou r th 
meet ing on M u o n Spin Ro ta t ion , 
Relaxat ion and Resonance, w i t h o u t 
w o r r y i n g abou t the m u o n as an 
e lementary part ic le. 

Th is ref lects h o w the exper
imenta l techn iques based on the 
m u o n spin in teract ions have 
reached matur i ty and are w i d e l y 
recognized by condensed ma t te r 
phys ic is ts and special ized chem is t s 
as useful t oo l s . 

In these app l ica t ions the pos i t i ve 
m u o n is no th ing but a unit charge 
car ry ing spin and a useful magne t i c 
m o m e n t . These researchers s imp ly 
f o l l o w the adv ice g iven in e lemen
ta ry t e x t b o o k s on e lectr ic i ty and 
m a g n e t i s m : t o invest igate the e l 
ectr ic response of a s y s t e m , in t ro 
duce a unit charge and s tudy the 
r eac t i on ; fo r a magnet ic s y s t e m 
in t roduce a c o m p a s s needle (the 
magnet ic m o m e n t ) ! The pos i t i ve 
m u o n is such a p robe at an a tom ic 
level , w i t h its sp in in teract ions 
(measured th rough i ts decay a s y m 
metry) p rov id ing v i ta l i n fo rmat ion 
abou t its env i ronment . 

The crys ta l lograph ic s i tes o f 
pos i t i ve m u o n s , in the rma l equi l i 
b r ium w i th in metal l ic or s e m i c o n 
duc t ing mater ia ls , w a s one*'of the 
t op i cs of the Uppsala con fe rence . 
A n o t h e r w a s the m o t i o n o f m u o n s 
b e t w e e n such s i tes. In cer ta in pure 

crys ta ls m u o n s are mob i le even 
at t empera tu res b e l o w 1 K. The 
m u o n s w i t h their mass o f abou t 
1 / 9 tha t o f the p ro ton are theo re 
t ical ly very in terest ing tes t par t ic les 
fo r s i te occupa t ion and t ransfer 
mechan i sms , and the resul ts can 
be c o m p a r e d t o those of hyd rogen 
i so topes in similar s i tua t ions. Pos i 
t ive p ions , as s h o w n by exper i 
men ts f r o m SIN (Switzer land) and 
Los A l a m o s , can also be used fo r 
the same pu rpose , using channel l 
ing techn iques . 

A m o n g the fundamenta l 
phenomena d iscussed w a s the 
inf luence of the screening e lec t rons 
in the t ranspor t of muons in meta ls 
(a n e w l o w tempera tu re quan tum 
ef fect d iscussed by J . Kondo) and 
i ts exper imenta l ev idence supp l ied 
by exper imen ts f i rs t carr ied ou t at 
CERN and later at KEK (Japan) and 
TRIUMF (Canada). 

The s tudy o f magnet ic mater ia ls 
w a s one of the f i rs t app l ica t ions 
o f m u o n sp in ro ta t ion . A m o n g 
more recent appl icat ions are the 
much -deba ted spin- f reezing p ro 

cesses in sp in g lasses , w i t h phase 
t rans i t ions o f unusual character . 
N e w c o m e r s a m o n g the magnet ic 
s y s t e m s are so-ca l led heavy fer-
m ion mater ia ls , w h e r e local m a g 
netic f ie lds at m u o n s i tes p rov ide 
a n e w aspec t on the puzzl ing p ro 
pert ies o f these mater ia ls (heavy 
fe rm ions refer t o e lec t rons w i t h 
giant e f fec t ive masses and not t o 
tau par t ic les ! ) . 

For the s e m i c o n d u c t o r expe r t s , 
the m u o n is a de fec t cen t re , l ike 
that o f o ther a tom ic impur i t ies (in 
part icular hydrogen) . It is pa ramag
netic s ince m u o n i u m is f o r m e d and 
it can be s tud ied in detai l w i t h res
pect t o s i te , e lec t ron ic env i ron 
men t , e tc . Here, a n e w techn ique 
deve loped at TRIUMF, based on 
obse rva t i on of hyper f ine levels, 
w a s p resen ted fo r the f i rs t t ime . 
In s e m i c o n d u c t o r s like gal l ium ar
senide ( s h o w n at the meet ing) as 
we l l as in meta ls and in mu-radica l 
chemis t ry it w i l l have a great i m 
pact by i ts accuracy and f lex ib i l i ty . 
Impor tan t advances in the theo re 
t ical desc r ip t i on o f such cent res 
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by molecular cluster calculat ions 
and other techniques w e r e also 
presented . 

Radical chemis t ry has long been 
a pet subject in the f ie ld , as has 
also the s tudy of i so tope depen
dences of react ion rates in s imple 
molecu les, a p rob lem of basic in
terest for the chemis ts . Lately 
muon-sur face in teract ions have 
been opened up, a f ie ld p romis ing 
much new phys ics . The deve lop 
ment of u l t ra- low m o m e n t u m 
beams wi l l help in th is respect . 

In his in t roduc tory ta lk , Ana to le 
A b r a g a m spoke about 'His Ma jes ty 
the Sp in , and Muon Spin Rotat ion 
the younges t Pr incess' wh i le in the 
summary ta lk , A . Schenck s h o w e d 
that whi le the young pr incess may 
be capr ic ious at t imes , she is 
s h o w i n g great potent ia l . A s a pos t -
conference t r ip , about 3 5 par t ic i 
pants boarded the fer ry fo r Helsinki 
and Leningrad fo r s ightseeing and 
con tac t w i t h Soviet specia l is ts at 
the Gatchina cyc lo t ron (the c losest 
source of muons t o Uppsala). 

The meet ing w a s organized by 
Uppsala phys ic is ts Erik B. Kar ls-
s o n , Ola Har tmann, Bergt L indgren 
and Roger W a p p l i n g . 

By Erik Karlsson 

Casting light on 
individual atoms 

In prepar ing the ALEPH de tec to r 
fo r LEP, one of the needs is t o 
check out the large T ime Project ion 
Chamber (TPC). One p roposed 
technique w a s t o use laser induced 
ionizat ion of the TPC gas since 
t racks left by laser beams cou ld 
wel l s imulate part ic les and thus 
check the conf igurat ion of electr ic 

and magnet ic f ields inside the TPC 
dri f t vo lume. 

Howeve r the mechn isms of 
laser- induced ionizat ion we re not 
we l l unders tood . One of the g roups 
t o wh ich th is p rob lem w a s passed 
w a s the G lasgow Univers i ty c o m 
ponent of the ALEPH co l laborat ion 
and a Laser Ionization Group at 
the Univers i ty , led by Ken 
Led ingham, carr ied out a s y s t e m 
atic invest igat ion of the phenome
non using convent iona l TPC gas. 

From th is w o r k has c o m e a Re
sonant Ionization Mass Spec t ro 
meter (RIMS) wh ich can be used 
for commerc ia l purposes . It has 
p roved possib le t o ident i fy the 
presence of a toms or molecules 
w i t h a sensi t iv i ty a thousand or 
more t imes greater than prev ious 
techniques such as mass spec t ro 
scopy , neutron act ivat ion analys is, 
etc. The me thod can be appl ied 
t o so l ids , l iquids or gases and can 
pick out every e lement in the per
iodic table (including isotopes) w i t h 
the except ion of hel ium and neon . 

The possib i l i ty of using laser 
me thods t o detect d o w n t o single 
a tom level w a s p ioneered in the 
1 9 7 0 s part icularly by V . S. 
Le tokhov of the Soviet A c a d e m y 
of Sciences in M o s c o w and G. S. 
Hurst of Oak Ridge National Labo
ratory in the USA. In the s imples t 
process a laser is tuned precisely 
t o the wave leng th required t o raise 

the a t o m or molecule f r o m its 
g round s ta te t o an exc i ted s ta te . 
A second p h o t o n f r o m the laser, 
encounter ing th is a t o m , can give 
the e lect ron in the exc i ted s tate 
suff ic ient energy t o cause ioniza
t i on . The l iberated pos i t ive ion can 
then be ident i f ied in a mass 
spec t romete r . 

A s an example of the sensi t iv i ty 
of a RIMS, the w o r k on the TPC 
gas fo r ALEPH revealed that the 
molecules at the source of the 
obse rved ionizat ion we re to luene 
and phenol w h i c h we re present as 
impur i t ies at the level of a f e w 
par ts per bi l l ion. 

W i t h sensi t iv i t ies at the 1 in 
1 0 ~ 9 level , several appl icat ions of 
the technique immedia te ly suggest 
themse lves . One is in the semi 
conduc to r indust ry whe re fur ther 
imp rovemen t o f the si l icon chip 
manufac tur ing process requires 
bet ter de tec t ion of impur i t ies in 
the s i l icon. A n o t h e r is the detec
t ion of very l o w act iv i ty beta emi t 
ters in the env i ronment (present ly 
inaccessible t o convent iona l nu
clear counter techniques) . A l s o the 
medical p ro fess ion is in terested in 
a w a y of measur ing minute c o n 
cent ra t ions of t race metals in the 
human body wh i ch are suspec ted 
sources of p rob lems in seemingly 
healthy sub jec ts . Many other appl i 
cat ions are l ikely t o emerge. 
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Schematic diagram of a Resonant Ionization 
Mass Spectrometer (RIMS) such as is being 
built for commercial purposes at Glasgow 
University following work on the monitoring 
system for the ALEPH detector. The RIMS 
can be used to measure minute 
concentrations of elements and applications 
in the semiconductor industry, in 
environmental protection and in medicine 
have already been identified. 



CES presents: T h e perfect pair : A C C 2180 + C B A 2136 

A C C 2180 S T A R B U R S T 

Since its introduction 3 years ago, the 
S T A R B U R S T front-end processor has become 
the standard data reduction system both for 
machine control and for physics experiments. 
It offers not only the SIMPLEST and FASTEST 
solution,but is now C H E A P E R than any 
equivalent. 

* single-slot front-end processor 
* 15 MHz Jl l CPU 
* up to 512Kb 100ns dual-port static R A M 
* console interface 

C B A 2136: 

By adding a C B A 2136, a STARBURST 
can be connected to any DEC computer via 
E T H E R N E T with only ONE C A M A C slot. 
The C B A 2136 houses the DEQNA card and 
contains all the firmware required to establish 
the connection. 

* single slot C A M A C Q-Bus backplane 
* 16 Kwords E P R O M area 
* standard or alternate boot addresses 
* E T H E R N E T boot firmware 

This unique set-up combines the sheer speed of the STARBURST with the comfort and power of 
a network. Programs may be developed on any computer on the network and down-line loaded 
to STARBURSTs via DECnet; locally-processed data may be stored on any mass-storage device 
accessible over the network. 

A t C E S , t o m o r r o w ' s s y s t e m s a r e a v a i l a b l e N O W 

For more information contact us, or your local CES representative: 

Creative Electronic Systems SA H [ | I I I I [ [ IEPTMNIP ( V C T I H ! 
70,route du Pont -Butm Case Postale 107 1213 Petifc-Lancy 1 Switzerland •lUlllt l U u l n O l l d I I I l l l i 
Tel:(022) 92 57 45 Fax:(022) 95 57 48 Telex: 421320 CBS-CH 

Germany: CES.D Tel:(060)554023 
Japan: Toyo Corp. Tel:(03)2790771 
Italy: Silena Tel:(02)7490565 

* DEC,DECnet,Q-Bus ara registered trademarks of Digital Equipment Corporation 

USA/Canada: Bytech/CES 
France: Enertec 

Tel:(604)9804131 
Tel:(l)47466612 
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Imagine an MCA that can acquire data 
from up to sixteen detectors at once. It's a 
remote idea. But we've turned it into reality 
with ournewNE408. 

It's the 8K MCA that's a total system in 
itself. Up to eight remote - and exceptionally 
fast - acquisition units are simultaneously 
controlled by its central display and analysis 
console. Linking detector systems as far as 
1200 metres apart. Storing up to 1000 
4K Spectra. Updating ten times per second. 
With highly sophisticated data 
manipulation, analysis and control. 

All of which mean the NE408 can give 
vast new scope to any research team. 

Why not post this coupon to f ind out more? 
We've got an idea that you'll like what you 
see... 

Nuclear Enterprises Limited 
Sighthill, Edinburgh, Scotland, EH11 4BY 
Telephone: 031-453-5560. Telex: 72333 

In the USA: Nuclear Enterprises America 
23 Madison Road, Fairfield, NJ 07006 
Telephone: (201) 227-8215 

Please send full details on the new NE408 Multi
channel Analyser. 

Name: 

Position:. 

Address:. 

Postcode:. Telephone:. 

± Nuclear 
Enterprises 

CC1186 
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People and things 

On people 

Pierre Darriulat of CERN has been 
elected corresponding member of 
the French Academy of Science. 

George Kalmus becomes head of 
High Energy Physics Division at 
the UK Rutherford Appleton La
boratory. This follows the move 
to CERN of previous Division Head 
John Thresher to take up the post 
of Research Director after Ian 
Butterworth's departure from CERN 
to become Principal of London's 
Queen Mary College. 

Norwegian theoretician 
Jan Wroldsen, now in Oslo after 
a spell at CERN, has been awarded 
the King Olaf Gold Medal for his 
work on quark contributions to 
nucleon-nucleon interactions, 
carried out with compatriot 
Fred Myhrer visiting CERN from 
South Carolina. 

More light at Brookhaven 

The design current of 1 ampere 
was achieved this summer at the 
750 MeV vacuum ultra-violet stor
age ring of the US National Syn
chrotron Light Source at Brookhav-

Chairman of the USSR State Committee 
for the Utilization of A tomic Energy 
Andronik Petrossyants (centre) inspects 
multipole magnets for CERN's new LEP 
electron-positron Collider with (left to right) 
CERN Director General Herwig Schopper, 
Yuri Galaktionov of ITEP Moscow and the 
L3 experiment for LEP, CERN-USSR 
collaboration link-man Yuri Petrovykh and 
Lucien Montanet of CERN and the L3 
experiment. Montanet is now Co-Chairman 
of the Scientific Committee under the 
CERN-USSR collaboration agreement, 
succeeding Giuseppe Fidecaro. 

(Photo CERN275.9.86) 

New CERN Research Director John Thresher 
(left) seen here with Carlo Rubbia. 
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EXPERIMENTAL 
HIGH ENERGY PHYSICS 

UNIVERSITY OF HOUSTON 
INVITES APPLICATIONS FOR 
Post Doctoral Research Associate 

A n open ing exists at the Un ivers i ty of Hous ton fo r 
a Post Doctora l Research Assoc ia te . Recent 
Ph.D's (0-5 years) in Exper imenta l High Energy 
Physics w i t h s t rong hardware backg round are 
encouraged to apply. Th is person w i l l in i t ia l ly l ive 
in Hous ton , Texas, t o w o r k on the cons t ruc t i on of 
s t reamer tubes fo r the LVD exper imen t at the 
Gran Sasso Tunne l , Italy. Later ass ignments w i l l 
depend upon the course of deve lopmen t of the 
exper iment and may invo lve res idence in Europe 
fo r one or more years. 

Resumes w i t h the names of at least three persons 
w h o can prov ide profess ional eva luat ions shou ld 
be sent t o : 

Professor K w o n g Lau 
D e p a r t m e n t of Physics 
University of Houston -
University Park 
Houston, T e x a s 7 7 0 0 4 
U.S.A. 
( 7 1 3 ) 7 4 9 - 4 6 1 7 

The University of Houston is an Equal 
Opportunity I Affirmative Action Employer. 

UNIVERSITY 
OF 

GENEVA 
The Depar tmen t of Nuclear and Part ic le Physics 
has an open ing for a pos i t i on of 

RESEARCH ASSOCIATE 
( M a T t r e - a s s i s t a n t ) 

t o jo in a group act ive in f ixed target exper iments 
at CERN. The candidate mus t have a Ph. D. or equi 
valent experience in h igh energy physics. This is a 
non permanent pos i t ion l imi ted to a max imum of 
6 years. 

App l i ca t i ons shou ld be sent before December 15 , 
1 9 8 6 to 

Prof. E. Heer , Director 
of D e p a r t e m e n t de physique 
nucleaire e t corpusculaire 
2 4 , quai Ernes t -Ansermet 
C H - 1 2 1 1 Geneva 4 

Theoretical Physicists 
T w o permanent pos i t i ons fo r theore t ica l phys ic is ts are 
open at SIN, the S w i s s Inst i tu te f o r Nuclear Research, 
Swi tzer land. Substant ia l exper ience in the f ie ld o f s t r ong 
a n d / o r e lec t roweak in terac t ions is requ i red. The phys ics 
or ienta t ion m u s t be re levant f o r t he exper imenta l p ro 
g ram carr ied out at SIN w h i c h is based on a 6 0 0 M e V 
p ro ton accelerator w i t h in tens ive secondary beams of 
p ions and m u o n s . Close con tac t w i t h exper imenta l 
g roups w o r k i n g at SIN is expec ted . Present exper imen ts 
are concerned w i t h w e a k and f o r b i d d e n decays o f p ions 
and m u o n s , mes ic a t o m s , p ion and nuc leon induced 
react ions, and w i t h app l ica t ions o f the m u o n sp in ro ta 
t ion techn ique t o p rob lems in c o n d e n s e d mat te r phys ics . 
Further i n fo rmat ion may be ob ta ined f r o m Prof. M i l a n 
P. Locher ( te lephone 0 5 6 / 9 9 3 6 5 6 or 9 9 3 6 65 ) . 
The usual documen ta t i on inc luding the names and ad 
dresses of th ree referees shou ld be sent by January 3 1 , 
1 9 8 7 t o 

S I N , S w i s s Ins t i tu te for Nuc lear Research , Personnel 
D e p t . , C H - 5 2 3 4 V i l l i g e n / S w i t z e r l a n d , C o d e 3 8 . 

TWO FACULTY POSITIONS 
High Energy Physics 

University of Iowa 
The Depar tmen t of Physics and A s t r o n o m y at the 
Univers i ty of Iowa inv i tes app l i ca t ions for t w o 
tenure- t rack facu l ty pos i t i ons in exper imenta l 
e lementary par t ic le phys ics beg inn ing in Augus t 
1 9 8 7 . The a p p o i n t m e n t s are author ized at the 
ass is tant pro fessor level, but h igher level appo in t 
men ts w i l l be cons idered fo r qual i f ied candidates. 
W e inv i te app l i ca t ions f r o m ou ts tand ing cand i 
dates at any level and in all areas of exper imenta l 
e lementa ry par t ic le phys ics . Facul ty dut ies inc lude 
undergraduate and graduate teach ing , gu idance 
of research s tudents , and personal research bo th 
independent and in co l labora t ion on ex is t ing 
exper iments . App l i ca t i ons , inc lud ing a cur r i cu lum 
v i tae and a s ta temen t of research interests, 
shou ld be sent t o : 

Search C o m m i t t e e 
D e p a r t m e n t of Physics 
and A s t r o n o m y 
T h e Universi ty of I o w a 
I o w a City, IA 5 2 2 4 2 - 1 4 1 0 

App l i can t s shou ld ar range fo r th ree let ters of 
r e c o m m e n d a t i o n t o be sent d i rect ly . The Univer
s i ty of Iowa is an equal oppo r tun i t y / a f f i rma t i ve 
ac t ion employer . 
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en. The ring is now routinely filled 
with 800 milliamp currents, almost 
three times up on the average fill
ing current in 1985. Beam lifetime 
with 1 amp current is limited to 
an hour, but efforts are continuing 
to improve this performance. 

Meetings 

The next International Symposium 
on Lepton and Photon Interactions 
at High Energies will be held in 
Hamburg, West Germany, from 
27-31 July 1987. The meeting is 
sponsored by the International 
Union of Pure and Applied Physics 
(IUPAP) and attendance will be 
organized through IUPAP represen
tatives in different countries, how
ever those interested may also 
write directly to the Conference 
Chairman, P. Soding, DESY, Not-
kestrasse 85, 2000 Hamburg 52, 
West Germany. Between 1000 
and 1200 invited participants are 
expected at the meeting, which 
will include only plenary sessions 
with rapporteur and review talks. 

The second Lake Louise Winter 
Institute will be held from 
16-22 February at Chateau Lake 
Louise, Canada. This year the topic 
for the first three days of peda
gogical lectures is 'Selected Topics 
in Electroweak Interactions'. This 
will be followed by a short topical 
conference with contributed pre
sentations by participants. For 
further information contact: The 
Secretary, LL Wl, Department of 
Physics, University of Alberta, 
Edmonton, Canada T6G2J1. 

Alvaro de Rujula's illustration for the 
forthcoming International School on 
Astro-Particle Physics, organized jointly by 
CERN and the European Southern 
Observatory (ESO), see page 39. 

The proceedings of the Indian 
National Workshop on Fixed Tar
get Physics, held at Jadavpur Uni
versity from 10-14 February this 
year, should shortly be available. 
Copies from D.K. Bhattacharjee, 
Dept. of Physics, Post Box No. 
17009, Jadavpur University, Cal
cutta 700 032, India. 

The 32nd Scottish Universities' 
Summer School in Physics will be 
held from 9-29 August 1987 at 

the University of St. Andrews. 
This NATO Advanced Study Insti
tute will review the techniques of 
computational physics and study 
recent applications, with special 
emphasis on lattice gauge theories 
and condensed matter physics. It 
is aimed at penultimate/final year 
PhD students and research fellows, 
and will be restricted to about 80 
participants. Further information 
from A. Walker, Department of 
Physics, Room 4409, James Clerk 
Maxwell Building, University of 
Edinburgh, Edinburgh EH9 3JZ, UK. 
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Multiple reflections from the mirror system 
for the Ring Imaging Cherenkov to be used 
in the DELPHI detector for experiments at 
CERN'S LEP electron-positron Collider. The 
fabrication techniques, entirely developed 
at CERN by Gilbert Gendre and colleagues, 
have been taken over by the Swedish firm 
Bofors. In particular, the method of hot 
forming of the mirrors has been so well 
perfected that no subsequent mirror 
polishing is necessary. 

(Photo CERN 757.5.85) 



INDIANA UNIVERSITY 
CYCLOTRON FACILITY 

RF ENGINEER 
IUCF has an opening for an RF Engineer to participate in the 
expansion and support of a dynamic accelerator laboratory of 
international reputation. This is a continuing full-time position 
in the IUCF Professional ranks which will provide excellent 
opportunities for professional growth. A BS degree in Electrical 
Engineering or MS degree in Physics is required as well as 
some experience working in a scientific laboratory. 

This laboratory is engaged in a major facility upgrade consist
ing of the construction of a storage ring with electron cooling 
which will offer novel possibilities for performing nuclear 
physics experiments with beams of unconventional ana! supe
rior characteristics. 
Long-term responsibilities will include design, development, 
installation, and troubleshooting of some of the following 
systems: pulsed power supplies, high voltage power supplies, 
RF power amplifiers, RF drive circuits, high power RF resona
tors, computer-based digital control systems, analog control 
systems, and motor drivers. Directing, teaching, and leading 
technicians will be a significant part of this work. Other 
responsibilities include general engineering support for the 
present operating accelerator system and long-term research 
and developmental projects. 

Send resume and names of three persons as references to: 
Robert Woodley, Asst. Director 
Indiana University Cyclotron Facility 
2401 Milo B. Sampson Lane 
Bloomington, Indiana 47405 
USA 
(812) 335-9365 

Indiana University is an Affirmative Action I Equal 
Opportunity Employer. 

University of California 
at Santa Barbara 

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 

The exper imen ta l par t i c le phys ics g roup at t he 

Un ivers i t y of Cal i forn ia, San ta B a r b a r a j s seek ing 

cand ida tes fo r a pos tdoc to ra l research pos i t ion . 

One-year a p p o i n t m e n t w i t h poss ib i l i t y of l im i ted 

r e a p p o i n t m e n t on a year ly basis in accordance 

w i t h app l icab le personne l po l ic ies and avai lab i l i ty 

of f und ing . The g roup is n o w ana lyz ing a samp le 

of 1 0 8 even ts f r o m Fermi lab E 6 9 1 , a c h a r m 

p h o t o p r o d u c t i o n expe r imen t us ing a s i l icon 

m ic rove r tex de tec to r . U C S B is a lso w o r k i n g on 

the cons t ruc t i on of S L D w h i c h w i l l be insta l led at 

t he S L A C Linear Col l ider. O ther ac t iv i t ies of the 

g roup are t he T P C / 2 y e x p e r i m e n t at PEP and a 

doub le beta decay exper imen t . Deadl ine fo r 

app l i ca t ions is N o v e m b e r 3 0 , 1 9 8 6 . In te res ted 

cand ida tes shou ld c o n t a c t Professor M. S. 

W i t h e r e l l , D e p a r t m e n t of Physics, Un ivers i ty of 

Cal i forn ia, San ta Barbara, CA 9 3 1 0 6 . The U n i 

vers i ty of Cal i forn ia is an equa l o p p o r t u n i t y / a f f i r -

ma t i ve ac t ion emp loyer . 

IB 

Divisional Fellow in 
Experimental Particle Physics 

T h e Lawrence Berkeley Laboratory is seeking an outstanding experi
mentalist in particle physics for appointment as Divisional Fel low in 
its Physics Division. T h e position has a term of up to f ive years , 
w i th the expectation that the Fel low's professional accomplishments 
and g rowth may lead to promotion to Staff Senior Scientist. 

T h e Fel low wi l l be expected to contribute substantial original 
research either in an on-going program at LBL or by initiating a n e w 
program. Major research efforts at present include participation in 
the CDF and DO detectors at Fermilab and in the M A R K II, T P C and 
SLC Polarization projects at S L A C . In addition, Research and 
Development for advanced instrumentat ion techniques fo rm an 
important part of the LBL program. Involvement in smaller scale 
projects is also possible. Appl icants should have postdoctoral 
research experience and have demonstrated excellence in particle 
physics research. Salary level is $ 3000 to $ 4500 /month . 

Please send inquiries w i t h professional resume, list of publications, 

and the names of four referees t o : 

Prof. G. H. Tr i l l ing 
Lawrence Berke ley Laboratory, Bldg. 50-256 

Univers i ty of Cali fornia 

Berke ley , CA 94720 

Applications should be received before Dec. 1, 
1986. An Equal Opportunity Employer M/F/H. 

L A W R E N C E 

B E R K E L E Y 

L A B O R A T O R Y 

Advertisements in CERN COURIER 
Format A4 Monthly publication 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

Space 
(page) 

7 i 

74 

Actual size (mm) 
w id th by height 

185x265 
185x130 

90x265 
90x130 

Cost per insertion (Swiss Francs) 

insertion 

1800 
1000 

580 

3 
insertions 

1750 
970 
550 

5 
insertions 

1700 
940 
530 

10 
insertions 

1600 
890 
510 

Supplement for: 
— each additional colour 
— Covers: 
Cover 3 (one colour) 
Cover 4 (one colour) 
Publication date 
Closing date for 
positive films and copy 

1 500 SwF 

2000 SwF 
2900 SwF 
1 st of month of cover date: 

1 st of month preceding cover date 
The cost of making films and of 
translation for advertisements are 
charged in addition. 

Screen (offset) 60 or 54 Swiss (150 English) 
Advertisements cancelled after 1 st 
of month preceding cover date will 
be invoiced. 

Advertising space is limited to 50% of contents and insertions 
are selected on a strict first-come first-served basis. 
These rates are effective for the year 1986. 

All enquiries to: 
Micheline FALCIOLA / CERN COURIER - CERN 
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Tel. (022) 83 41 03 Telex 2 36 98 
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Sussex University, UK, is organiz
ing a Conference to celebrate 
Sir Denys Wilkinson's sixty-fifth 
birthday and to mark his retirement 
as Vice-Chancellor of the Univer
sity. The Conference, sponsored 
by the European Physical Society 
and the UK Institute of Physics, is 
entitled Interactions and Structures 
in Nuclei and will be held from 
7-9 September 1987. Further 
information from W.D. Hamilton, 
Physics Division, University of 
Sussex, Brighton BN1 9QH, 
England. 

Promoting art and science 

High energy physics Laboratories 
are often the scene of cultural 
events where science is not neces
sarily the dominant theme. CERN 
and Fermilab, for example, have 
excellent reputations for nourishing 
the cultural life of their surrounding 
communities. 

Earlier this year an exhibition of 
photographs of great beauty was 
presented at CERN on the invitation 
of the Staff Association. The pho
tographs, by Mimmo lodice, were 
of Neapolitan paintings from the 
17th Century. The exhibition was 
inaugurated by Professor Staro-
binski, in the presence of the Italian 
Ambassador and the President of 
the Italian Physical Society, Nicola 
Cabibbo. 

The exhibition was under the 
auspices of the Istituto Italiano per 
gli Studi Filosofici which was 
founded by G. Marotta to promote 
the study of philosophy incorpo
rating both humanistic and scien
tific thought. The Institute has been 
involved in a wide range of activi
ties including the sponsoring of 
many seminars on scientific topics. 
These have not been limited to 
Italy but have also taken place in 

other European countries and in 
the USA. The Institute has also 
financed young Italian scientists 
on Fellowships to allow them to 
work for extended times in the 
States. 

There is close collaboration with 
the physicists of the University of 
Naples who help in the preparation 
of seminars and generally nurture 
the scientific part of the Institute's 
work. It is another example of the 
remarkable concern for scientific 
culture which is so manifest in 
Italy. 

Astro-Particle physics 

Following the success of the Sym
posium on Cosmology, Astronomy 
and Particle Physics organized 
jointly by CERN and the European 
Southern Observatory (ESO), now 
a regular feature of the physics 
international physics calendar, ESO 
and CERN are organizing an Inter
national School on Astro-Particle 
Physics at the Ettore Majorana 
Centre for Scientific Culture, Erice, 
Sicily, from 5-25 January. Further 
information: Astro-Particle School, 
TH Secretariat, CERN, 1211 Gen
eva 23, Switzerland. Potential ap
plicants are advised to make con
tact as soon as possible. 

Aspen organizer Sally Mencimer at the 
25th anniversary in August of the Aspen 
(Colorado) Center for Physics where 
physicists from all over the world meet 
informally every summer to discuss 
specialized physics areas including particle 
physics, astrophysics, etc. 

(Photo Schu Martin) 
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Physicists admire a 650-pound leatherback 
turtle during time off at the recent NA TO 
Advanced Study Institute on Techniques 
and Concepts of High Energy Physics, held 
in St. Croix, Virgin Islands. The institute, a 
regular feature of the US particle physics 
calendar, coincided with the turtle egg-layinc 
season, when amateur and professional 
environmentalists keep a watchful eye on 
this endangered species. 

(Photo Richard Breedon) 
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THE FURTHER WE 60, THE 

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



FURTHER YOU GO. 
At the cutting edge of scientific 

research there's a demand for 
RF and microwave energy that 
existing technology can't meet. 

At Thomson-CSF we under
take major projects to develop 
new technology working in close 
collaboration with our customers. 

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

Know-how acquired in fields 
such as high-power radars and 
broadcasting where Thomson-CSF 
is a leader. 

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

This high performance means 
important cost savings for the 
end user. 

For special needs - including 
windows and oversized compo
nents capable of handling the 
required energy - we tailor our 
products to your requirements. 

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

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

THOMSON-CSF Division Tubes Electroniques 
38 , rue Vauthier - BP 305 
F 92102 BOULOGNE-BILLANCOURT CEDEX. 
Tel.: (1) 46 04 81 75 .Te lex : THOMTUB 2 0 0 7 7 2 F . 

Gyrotron for plasma 
heating up to 200 kW 
peak power at 100 GHz. 

High power CW klystrons up 
to 1.2 MW at 352 MHz and 500 
kW at 3.7 GHz (60 sec). 

High power 
tetrodes up to 
2MWCW(210sec.) 
at 80 MHz (higher 
frequencies obtai
nable at lower 
power levels). 

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

A full range of 
high voltage 
switching tetrodes 
used in associated 
power supplies.. 
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DESIGN PHYS. INST. UNIV. HEIDELBERG 

- DATA ACQUISITION MODULES BASED O N HIGHSPEED 
FLASH-ADC CHIPS (5010,5200, TDC 1029) 
100MHz, 6 Bit, N O N LINEAR 

- DESIGNED FOR MULTICHANNEL PURPOSES (> 10001 
EASY HANDLING. CALIBR. FACILITIES LOW PRICE 

PRIVATE ECL-BUS (SCANBUS) 

- ZEROSUPPRESSION IFASTSCAN) 

5 GROUPS OF MODULES: 
Agencies 
United States, Canada 
LECROY RESEARCH Systems Corporation/USA 
Phone: 914 425 2000 - Telex-. 710 577 2832 

Great Britain, Japan, Italy 
Messrs. Smith + Jones, Newbury/GB 
Phone: 0533 703 526 

Switzerland 
Messrs. ANTARES AG, Nussbaumen/CH 
Phone: 056 823783 - Telex: 58703 

Netherland, Belgium 
MESSRS. UNITRONICS, Nieuwegien/NL 
Phone: 3402 38559 

Schweden 
Messrs. Gunnar Peterson AB, Stockholm-Forsta/S 
Phone: 08 939280 - Telex: 17944 

• DATA ACQUISITION 
• CONTROLLER 
• TEST & UTILITY 
• INTERFACE 
• PROCESSING 

FADC 
SCANNER & HITDETECTOR 
TESTER, MONITOR 
CAMAC, VME, FASTBUS 
PI?, MEMORY 

LJJs f t i r idJJ 
DR. B. STRUCK 
2000 T A N G S T E D T / H A M B U R G G E R M A N Y 
H A U P T S T R . 95 • T E L E F O N 0 4 1 0 9 / 9 9 6 6 / 6 7 
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