


coin COURIER 
International Journal of the High Energy Physics Communi ty 

Ed i t o r s : Brian S o u t h w o r t h , G o r d o n Fraser, Henr i -Luc Felder (French ed i t i on ) / 
A d v e r t i s e m e n t s : Michel ine Falcioia / A d v i s o r y Pane l : J . Prentk i (Chairman), 
J . A l l aby , J . Cron in , K. Hubner , E. Li l lest0l 

V O L U M E 2 3 N° 5 . JUNE 1 9 8 3 

First s ign o f the Z? 167 

A taste of things to come ? 

167 

Santa Fe Acce le ra to r Con fe rence 168 

Report of recent machine meeting 

Theore t i ca l sc ience and the fu tu re o f large scale c o m p u t i n g 1 7 2 

by Kenneth G. Wilson 

European C o m m i t t e e f o r Future A c c e l e r a t o r s 1 7 8 

A view by ECFA chairman John Mulvey 

A r o u n d the Labora to r ies 

F E R M I L A B : Last Save r /Doub le r m a g n e t insta l led and f i rs t t e s t s . . . 1 8 > 

Sure progress towards new ring 

CERN: Hadron h o r i z o n s / A th ing o f beau ty 1 8 2 

New results on high energy reaction rates/Novel nuclear emulsion 
techniques 

D E S Y : Ups i lons at DORIS II 1 8 5 

Spectroscopy of beauty 

1 8 5 

People and th ings 1 8 6 

Cover photograph: The smallest of three multicell Cherenkov counters 
used in Fermilab experiment E400 — a study of charm produced by 
300 GeV neutrons. The opaque upstream window of the counter has 
been removed, giving a beam's eye view of the 34 light collection cones 
reflected through two thin aluminized windows at 45° to the beam. The 
counter was designed and built by Carl Lindenmeyer of Fermilab and 
Jim Wiss and Mike Diesburg of the University of Illinois (Photo Fermilab). 

1 6 6 CERN Courier, June 1983 



First sign of the Z ? 

* A second Z candidate 
event this time producing 
a muon pair, has also 
been found. 

A remarkable 540 GeV event recorded by 
the big UA 1 detector at the CERN SPS 
proton-antiproton collider. Top, two very 
high energy tracks, identified as an electron 
and a positron from their calorimetry 
information, flying away from each other 
at a wide angle. Bottom, the 'lego plot' of 
the very clean electron-positron pair. 

T h e big U A 1 expe r imen t at the CERN 
SPS col l ider has seen a 5 4 0 GeV p r o ­
t o n - a n t i p r o t o n co l l is ion w h i c h p r o ­
duces a ve ry energet ic e l ec t r on -pos i ­
t r o n pair, ve ry sugges t i ve o f the p r o ­
duc t i on and decay o f t he l o n g -
a w a i t e d Z° par t ic le . * 

Dur ing the run at the end o f 1 9 8 2 , 
t he t w o col l ider e x p e r i m e n t s ( U A 1 

t| id U A 2 ) a m a s s e d nine e v e n t s p r o -
uc ing a lone energet ic e lec t ron and 

'm i ss i ng ene rgy ' , ind icat ive o f an ac­
c o m p a n y i n g neut r ino . These l o o k e d 
l ike decays o f W b o s o n s , t he carr iers 
o f the charged w e a k cu r ren t , w i t h a 
m a s s s o m e 9 0 t i m e s tha t o f the p r o ­
t o n . 

A t the s ta r t o f the 1 9 8 3 col l ider 
run in A p r i l , hopes w e r e h igh tha t the 
co l l is ion rate in the SPS cou ld be 
c o a x e d higher so tha t the exper i ­
m e n t s w o u l d have a g o o d chance o f 
see ing the electr ical ly neutra l Z b o s ­
o n , t he carr ier o f the neutra l cu r ren t 
o f the w e a k in te rac t ion . T h e Z is p re ­
d i c ted t o be abou t t en t i m e s rarer 
t han i ts charged W c o u n t e r p a r t s , 
and s l ight ly heavier , abou t 1 0 0 t i m e s 
| | e m a s s o f the p r o t o n . 
^ T o have a g o o d chance o f inter­
cep t i ng a single Z , the e x p e r i m e n t s 
needed t o amass at least severa l 
t i m e s the a m o u n t o f da ta a l ready 
r e c o r d e d . A s the 1 9 8 3 run g o t under 
w a y , it p r o v e d di f f icul t at f i rs t t o 
b o o s t the col l is ion rate and hopes o f 
a qu ick Z s igh t ing began t o f ade . But 
luck s e e m s t o have been w i t h the 
expe r imen ta l i s t s , and the U A 1 t e a m 
t r i umphan t l y unear thed a Z cand i ­
da te even t on 4 M a y ( f rom da ta re­
c o r d e d a f e w days earlier) . T h e Z 
s igna l , a c lean ve ry high ene rgy elec­
t r o n - p o s i t r o n pair, is less q u e s t i o n a ­
ble t han the W even t s . A f i r s t es t i ­
m a t e o f i ts mass f r o m the s ingle 
even t pu ts it in the range near 1 0 0 
G e V , as p red i c ted . 

If c o n f i r m e d , th is means tha t the 
e l e c t r o w e a k t heo ry is n o w fu l ly 
es tab l i shed . Th is w o u l d be the 

c r o w n i n g g lo ry o f f i f t y years o f d i l i ­
gen t w o r k by severa l genera t ions o f 
phys i c i s t s . Pioneer w o r k in t he 
1 9 3 0 s s u g g e s t e d tha t the w e a k 
f o r c e cou ld be carr ied by a m e s s e n ­
ger par t ic le , j us t as e l ec t r omagne -
t i s m is t r a n s m i t t e d by the p h o t o n . 
But wh i l e the p h o t o n is mass less , the 
w e a k carr ier w o u l d have t o be 
heavy . 

In the 1 9 5 0 s and 6 0 s , t heo r i s t s 
s l o w l y p ieced t o g e t h e r the ideas f o r 
a uni f ied e l e c t r o w e a k f o r ce w h i c h 
b r o u g h t t o g e t h e r e l e c t r o m a g n e t i s m 
and the w e a k f o r ce . One b y - p r o d u c t 
o f th is w o r k w a s the seeming ly b i ­
zarre p red ic t i on tha t the w e a k inter­
ac t ion shou ld a lso exist in a f o r m 
w h i c h d id no t pe rmu te electr ical 
cha rges . Th i s w a s the neutra l cur­
ren t , eventua l ly d i scove red in the 
Gargamel le bubb le chamber at CERN 
in 1 9 7 3 . 

H o w e v e r the W and Z par t ic les 
p red i c ted by the e l e c t r o w e a k t h e o r y 

w e r e at f i rs t ou t o f reach. It needed 
the i nven t i veness and superb acce l ­
e ra to r phys i cs beh ind the CERN an t i -
p r o t o n p ro jec t t o m a k e the d r e a m o f 
see ing these par t ic les a real i ty. 

Later th is year , a specia l issue o f 
the CERN COURIER wi l l be g iven ove r 
t o t he e l e c t r o w e a k saga and the 
CERN a n t i p r o t o n p ro jec t . 

CERN Courier, June 1983 167 



Santa Fe Accelerator Conference 

A group of participants from the Accelerator 
Conference, visiting downtown Santa Fe, 
have different ideas as to the best direction 
to take for the future. 

The 10 th U S A Nat ional Part icle A c ­
ce lera tor Confe rence w a s h o s t e d 
th is year by the Los A l a m o s Nat iona l 
Labo ra to ry in Santa Fe f r o m 2 1 - 2 3 
M a r c h . It w a s a resound ing success 
in emphas iz ing the f e r m e n t o f ac t i v i ­
t y in the acce lera tor f ie ld . A b o u t 9 0 0 
peop le reg is tered and abou t 5 0 0 
papers w e r e p resen ted in inv i ted and 
con t r i bu ted ta lks and pos te r ses ­
s ions . A b o u t a th i rd o f the papers 
and a t tendees w e r e f r o m ou ts ide the 
U S A . 

The open ing sess ion emphas i zed 
s o m e o f the n e w s w o r t h y cur ren t 
e v e n t s , ranging ove r Giorg io Br ian-
t i ' s and Rich Or r ' s cove rage o f the 
p resen t s ta tus o f the CERN p r o t o n -
an t i p ro ton c o m p l e x and the Fermi lab 
Energy Saver , the app l i ca t ions o f ac­
ce lera tors in magne t i c fus ion by N. 
Ros toke r , and the exper ience w i t h 
n e w heavy ion acce le ra to rs n o w 
c o m i n g on- l ine at GANIL (see Apr i l 
and M a y issues) and o the r ins t i tu tes 
as cove red by Pierre Lapos to l l e . 

One o f the eager ly a t t e n d e d ta l ks 
w a s a repor t on China 's acce le ra to r 
p ro jec ts by Xie J ia l in . T h e Bei j ing 
e lec t ron -pos i t ron col l ider w i l l p ro ­
v ide an ent ry in to c h a r m e d m e s o n 
and heavy - lep ton phys i cs , a sou rce 
o f s y n c h r o t r o n rad ia t ion , and a f i x e d -
ta rge t capabi l i ty f o r nuclear phys i cs . 
A cascade cyc l o t r on at Lanzhou wi l l 
s u p p o r t heavy- ion research and the 
Hefei Synch ro t r on Radiat ion Faci l i ty 
w i l l enable China t o beg in w o r k in the 
ve ry w i d e range o f research w h i c h 
s y n c h r o t r o n l ight m a k e s access ib le . 
These pro jec ts are in the p lann ing , 
eng ineer ing , or p r o t o t y p e s tage . 

High energy mach ines w e r e c o v ­
ered in ta lks on the Fermi lab an t i p ro -
t o n sou rce , the S tan fo rd l inear co l l id ­
er, LEP at CERN, T r i s tan in J a p a n , the 
Berkeley Bevalac, a r ev i ew o f kaon 
f a c t o r y p lans, and the B r o o k h a v e n 
CBA. In l ow and in te rmed ia te energy 
acce lerator cen t res , the success fu l 
initial opera t ion o f the f i rs t s u p e r c o n -

duc t ing c y c l o t r o n , at M ich igan , w a s 
r e p o r t e d . T w o o ther supe rconduc t ­
ing mach ines — linear acce le ra to rs 
o p e r a t e d as boos te r s f o r t a n d e m s — 
w e r e a lso repor ted ope ra t i ng , w i t h 
up t o 3 M e V per m acce lera t ing f ie ld 
and 2 0 M e V ou tpu t energy . Great 
in teres t w a s genera ted by the d is ­
cuss ion o f the f i rs t w o r k on the Indi­
ana e lec t ron coo l ing r ing. 

Technology developments 

The d e v e l o p m e n t o f the advanced 
techno log ies fo r acce lera tors w a s 
deta i led in several sess ions . Op t i ­
m i s m w a s exp ressed on the role tha t 
supe rconduc t i ng m a g n e t s and r.f. 
cav i t ies cou ld play in the nex t gener­
a t ion o f acce lera tors s ince recent ex­
per ience has been g o o d . The o p t i m ­
ism is b a s e d , no t on the appearance 
o f s o m e fan tas t i c n e w mater ia l , but 
rather on the excel lent p r o s p e c t s fo r 
con t i nued d e v e l o p m e n t o f the m a ­

ter ia ls a l ready at hand . It w a s s ta ted 
tha t w e n o w have the t oo l s and un ­
de rs tand ing t o increase the c r i t i c ' 
cur ren t dens i t y at 10 T by i m p r o v e ^ 
m e n t s in the pur i ty and m ic ros t ruc -
tu re o f the mater ia ls and d e v e l o p ­
m e n t s in manu fac tu r ing and fab r i ca ­
t ion p rocesses . For r.f. cav i t ies , f ie ld 
g rad ien ts o f 2 t o 3 M V per m have 
been d e m o n s t r a t e d , and the p r o s ­
pec t f o r doub l ing these f igures 
s e e m s g o o d . Supe rconduc t i v i t y 
p r o m i s e s 10 T d ipo les and a round 
5 M V per m accelerat ing g rad ien ts in 
the near fu tu re . 

Four teen years af ter the inven t ion 
o f the 'spat ia l ly un i fo rm s t r o n g f o ­
cus i ng ' pr inc ip le in the USSR, m a n y 
Labo ra to r i es are deve lop ing rad io-
f requency quadrupo le (RFQ) acceler­
a t ing s t ruc tu res . Hors t K le in, f r o m 
Frank fur t , gave an up - to -da te rev iew 
of act iv i t ies at s o m e f i f teen Labo ­
ra to r ies , l is t ing t w e n t y RFQs, e ight o f 
w h i c h have n o w acce lera ted b e a m . 
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Cocktail time: (left to right) John Lavs/son, 
Giorgio Brianti, Phil Morton and Bob 
Jameson (Conference Chairman). 

wh i l e the remain ing t w e l v e are near 
c o m p l e t i o n . These shou ld p rov ide a 

i ^ / e a l t h o f i n fo rma t ion on the p rac t i ­
c a l i t y o f th is exc i t ing n e w acce lera t ­

ing s t ruc tu re . Y . Hirao f r o m T o k y o 
d i scussed their 1 3 2 cell RFQ Linac 
' L ITL ' . It has success fu l l y acceler­
a ted ions f r o m h y d r o g e n t o l i th ium, 
ope ra t i ng at 1 0 0 MHz. A p r o t o n cur­
rent o f 7 0 j i A has been measu red 
w i t h a t r ansmiss ion o f 9 5 % and the 
b e a m paramete rs agree sa t i s fac ­
to r i l y w i t h the c o m p u t e r s imu la ­
t i o n s . 

Beam physics 

In b e a m d y n a m i c s , it w a s clear t ha t 
c o m p u t e r s imu la t ion has reached a 
n e w level o f soph i s t i ca t i on . E labo­
rate p r o g r a m s , s o m e runn ing f o r 
hours on the latest h igh speed c o m ­
pu te rs , have been w r i t t e n t o s t u d y 
the long-s tand ing p r o b l e m o f the s t a ­
bi l i ty o f h igh cur rent (amp t o m e g a -

amp) b e a m s under the inf luence o f 
sel f f ie lds . Resul ts are in reasonab le 
ag reemen t w i t h m e a s u r e m e n t s 
w h e r e v e r avai lable. 

N e w levels o f matu r i t y w e r e seen 
in the unders tand ing o f s tochas t i c 
coo l ing especia l ly o f bunched p r o t o n 
and a n t i p r o t o n b e a m s and o f d e p o ­
lar izat ion p rocesses in s t o r e d po lar ­
ized e lec t ron and pos i t r on b e a m s . 
T h e f o r m e r inves t iga t ion ind ica tes 
the poss ib i l i t y o f coo l ing bunched 
b e a m s and prescr ibes be t te r o p t i m ­
ized des igns o f coo l ing s y s t e m s ; the 
lat ter s u g g e s t s m e t h o d s o f p reserv ­
ing po lar izat ion in high energy co l l id ­
ers such as PEP, PETRA, and LEP. 

T o p i c s per t inen t t o the m a n y m o d ­
ern faci l i t ies requir ing high cu r ren ts 
fel l in to th ree main ca tego r i es : i ns ta ­
bi l i t ies in mu l t i - k i l oampere , high cur­
rent e lec t ron acce le ra to rs ; em i t -
tance g r o w t h and cur rent l imi ts o f 
in tense heavy ion beams in long 
t r a n s p o r t l i nes ; high o rder r.f. m o d e s 
l imi t ing pe r f o rmance o f e lec t ron 
s to rage r ings. 

Q and t ransverse impedance 
m e a s u r e m e n t s o f acce lerat ing m o ­
du les f o r t he mu l t i - k i l oampere A d ­
vanced T e s t Acce le ra to r ( A T A ) 
w e r e r e p o r t e d , w i t h the imp l i ca t ions 
f o r b e a m break-up instabi l i ty . A 
c o m p a n i o n paper d i scussed t w o 
m e t h o d s — one measu red , one p r o ­
p o s e d — o f reduc ing b e a m osc i l la ­
t i ons by specia l Landau d a m p i n g 
cel ls . Other m e t h o d s w e r e p r o p o s e d 
t o handle in tense e lec t ron b e a m s , 
inc luding rec i rcu la t ion t h rough induc­
t i on cav i t ies or be ta t rons w i t h or 
w i t h o u t a to ro ida l f ie ld . S tand ing 
w a v e r.f. l inacs w i t h ve ry high g ra ­
d ien ts m a y a lso be useful at ve ry h igh 
cu r ren ts . 

The genera t ion o f in tense, l o w 
emi t tance b e a m s is crucial f o r d r iv ing 
inert ial f us ion w i t h heavy ions . Sev­
eral g r o u p s repo r ted early phases o f 
expe r imen ts t o check emi t t ance be­
hav iour under space-charge c o n ­

d i t ions in e lec t ros ta t i c quadrupo le 
(Berkeley, B rookhaven ) , magne t i c 
quadrupo le (Darmstad t ) and so leno i -
dal (Mary land-Ruther fo rd) t r a n s p o r t 
channe ls . 

High o rder r.f. m o d e s coup l ing t o 
t ransve rse b e a m m o t i o n cons t ra in 
s ingle bunch cur ren ts and bunch 
lengths in e lec t ron s to rage r i n g s ; 
w a k e f ie ld e f fec ts a lso l imit r ing per­
f o r m a n c e . Th ree CERN papers d is ­
cussed the des ign imp l ica t ions f o r 
bunch energy sp read and bunch 
length in LEP. C o m p a r i s o n w i t h PE­
T R A p e r f o r m a n c e p rov ides a bench ­
mark f o r op t im iz ing the LEP des ign . 
A n exper imen ta l s t u d y o f s ingle 
bunch instabi l i t ies in PETRA s u g ­
ges ted severa l means o f rais ing 
th resho ld cu r ren ts . N e w c o m p u t e r 
c o d e s have been w r i t t e n at DESY t o 
s t u d y cy l indr ica l ly s y m m e t r i c cav i t y 
m o d e s and w a k e f ie lds inc luding 
c o m p o n e n t s up t o the oc tupo le . 

The Chinese ou t l ined a m e t h o d o f 
us ing Hertz po ten t ia ls t o so lve f o r 
az imuthal ly per iod ic m o d e s o f ax i -
s y m m e t r i c r.f. cav i t ies . The f in i te ele­
m e n t app roach has been ex tended t o 
th ree d i m e n s i o n s , but w e are sti l l 
w a i t i n g f o r a versat i le 3 D code t o 
handle a usefu l number o f m o d e s . 

Special topics 

Al l ma jo r US p roposa l s f o r a m e ­
d ium-ene rgy c . w . e lec t ron mach ine 
w e r e aired in a specia l sess ion w h e r e 
there w a s a lso a p rog ress repor t , by 
H. He rm inghaus , on the c o m m i s ­
s ion ing , in less than t w o m o n t h s , o f 
the s e c o n d s tage o f the M A M I p ro ­
jec t at Mainz. In M a r c h , th is s tage 
de l ivered 1 5 J I A at 178 M e V . A 
b e a m mon i t o r i ng dev ice , based on 
obse rv i ng s y n c h r o t r o n l ight , g ives 
prec is ion i n fo rma t i on on the b e a m 
dur ing each o f the 5 8 tu rns . Th is wi l l 
p rov ide usefu l da ta on the per fo r ­
mance o f a m i c r o t r o n in the in te rme­
diate energy range. 

CERN Courier, June 1983 1 6 9 



Ion sou rces , e lec t ros ta t i c acceler­
a t o r s , and polar ized b e a m s rece ived 
thei r share o f a t t en t i on . C. K. Sinclair 
o f S L A C summar i zed polar ized elec­
t r o n sources . The h ighest in tens i ty 
t y p e uses p h o t o e m i s s i o n f r o m G a A s 
w i t h circular ly po lar ized (up t o 5 0 % ) 
p h o t o n s o f m o r e than 1.4 eV . In ten­
s i ty is up t o 1 0 0 A peak and 0 .1 A 
average. 

Y . J o r g e n o f Louva in r epo r t ed the 
pe r fo rmance o f a s u p e r c o n d u c t i n g 
ECR (electron c y c l o t r o n resonance) 
high charge s ta te heavy ion sou rce 
running rel iably on the Louva in cyc l o ­
t r o n . Th is is the la test and h ighest 
pe r f o rmance ve rs ion o f the ECR 
s o u r c e : cu r ren ts are 10 e j i A o f the 
m o s t abundan t charge s ta tes o f ox ­
y g e n , neon , a rgon and k r y p t o n . 

A n t i p r o t o n p r o d u c t i o n at Fermi lab 
and CERN w a s desc r i bed in severa l 
ta l ks and pos te r s . I n tense -beam tar ­
ge t i ng , p rev ious ly the p rov ince o f the 
m e s o n fac to r i es , m u s t be deal t w i t h . 
In simi lar ve in w a s a we l l i l lust rated 
ta lk by M. W i l s o n o f Los A l a m o s on 
s ta te -o f - the -a r t dev ices and t e c h ­
n iques t o instal l and serv ice c o m p o n ­
en ts in the high rad ia t ion env i r on ­
m e n t s o f t o d a y ' s p o w e r f u l acce lera­
t o r s . 

Control systems 

I ns t rumen ta t ion and con t ro l re­
p o r t s ranged f r o m the a w e s o m e m u l ­
t i -acce lera tor con t ro l s y s t e m at 
DESY (a real t ou r de fo rce) t o eso te r ­
ic desc r ip t i ons o f s o f t w a r e mode l i ng 
and s n o o p Fastbus d iagnos t i c m o ­
du les . Surpr is ing ly , m o s t o f the p a ­
pers deal t w i t h non -commerc i a l l y -
avai lable h a r d w a r e , t h o u g h the CERN 
LEP and the Los A l a m o s PSR con t ro l 
s y s t e m s w e r e excep t i ons . Even in 
the c u s t o m h a r d w a r e , h o w e v e r , hea­
v y emphas is is p laced on s tanda rd 
bus s t ruc tu res (Mul t ibus is one o f the 
clear favour i tes) and d i s t r i bu ted in­
te l l igence. T h e lat ter emphas i s re­

su l ts f r o m the g r o w i n g soph is t i ca ­
t i on o f inexpens ive m i c r o p r o c e s ­
s o r s , and the recogn i t ion tha t con t ro l 
s y s t e m c o s t s are increasingly d o m i ­
na ted by s o f t w a r e . D is t r ibu ted inte l ­
l igence is be ing exp lo i ted pr imar i ly t o 
s imp l i f y the s o f t w a r e and a p r ime 
examp le o f th is t rend is the con t ro l 
s y s t e m f o r the heavy ion medica l 
acce le ra tor at Berkeley. 

A n o v e r v i e w o f the Fas tbus sys ­
t e m f o r da ta acqu is i t ion and con t ro l 
w a s g iven in a l ively ta lk by Lou Cos -
t re l l . Th is d e v e l o p m e n t is a ma jo r 
in te r labora to ry e f fo r t t o c o p e w i t h 
the v a s t a m o u n t o f da ta genera ted in 
high energy acce lera tors and de tec ­
t o r s . 

Severa l nove l dev ices t o measure 
b e a m prof i les w e r e p resen ted and 
a t t r ac ted a great deal o f in teres t . 
Dev ices f r o m Los A l a m o s include a 
c o m p a c t unit w h i c h is inser ted in l o w 
energy b e a m s , t o p rov ide rapid 
m e a s u r e m e n t o f phase space dens i ­
t y in one t ransverse d i m e n s i o n , and 
an ingen ious and versat i le s y s t e m 
w h i c h dig i t izes mul t ip le images o f a 
b e a m f r o m b e a m - e m i t t e d l ight and 
d o e s phase space recons t ruc t i on . A 
mechanica l ly s imp le , pneumat ica l l y -
d r iven w i rescanner d e v e l o p e d at the 
Nat ional Bureau o f S tanda rds m e a s ­
ures t w o - d i m e n s i o n a l b e a m dens i t y 
pro f i les at a rate o f up t o t en per 
s e c o n d . These dev ices all use m i c r o ­
p r o c e s s o r s . 

Permanent magnets 

J . LeDuf f and Y . Pet ro f f p resen ted 
a rev iew o f pe rmanen t m a g n e t t e c h ­
no logy w h i c h is deve lop ing ve ry 
rapid ly . It is a l ready poss ib le t o use it 
f o r e lec t ron s to rage r ings f o r m i c r o -
l i thography and the f ree e lec t ron las­
er. T h e mach ine energ ies w o u l d be in 
the severa l hundred M e V range. 
Klaus Halbach and Bob G lucks te rn 
p resen ted papers on pe rmanen t 
mu l t ipo le m a g n e t s w i t h var iab le 

Charlie Baltay giving one of the concluding 
talks about future particle physics facilities 
in the USA. His talk was based mainly on 
the American Physical Society Aspen 
meeting reported in the October issue last 
year. 

s t r e n g t h . Halbach desc r ibed an ar­
r angemen t o f b o t h steel and p e r m a ­
nent m a g n e t mater ia l tha t resu l ts in n 

var iab le s t r eng th mul t ipo le unL_ 
G lucks te rn desc r ibed an ar range­
m e n t o f quadrupo les w h e r e the ef­
fec t i ve s t r eng th o f the c o m b i n a t i o n s 
cou ld be var ied by ro ta t ion o f the 
indiv idual quadrupo le un i ts . Bo th 
s c h e m e s look p rom is ing fo r pract ica l 
app l i ca t ions . 

Applications 

It is a part icu lar fea ture o f the U S A 
A c c e l e r a t o r Confe rence tha t a lot o f 
a t t en t i on is g iven t o the pract ica l ap ­
p l ica t ions o f acce lera tor t e c h n o l o g y . 
J . Duggan s p o k e on app l i ca t ions o f 
acce le ra to rs in greater and greater 
n u m b e r s t o the so lu t ion o f i m m e ­
diate p r o b l e m s , especia l ly in m e d i ­
c ine and indus t ry . There are t o d a y 
m o r e than 3 0 0 0 acce lera tors in use 
in the U S A f o r medica l p u r p o s e s 
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At the Conference banquet: (left to right) 
Gunther Plass, Bob Jameson and his wife, 
and foreground, Caltech astronomer Roger 
Blandford, banquet speaker on the subject 
of 'Cosmic accelerators'. 

alone. T h e y p roduce i s o t o p e s f o r a 
w i d e var ie ty o f rad iopharmaceu t i ca ls 

i p n d t hey are used in d iagnos is and 
R h e r a p y ; t hey are a d rama t i c examp le 
o f the t rans fe r o f sc ience and t e c h n o ­
logy t o v i ta l human needs . 

It is n o w poss ib le t o cons ide r se ­
r ious ly the app l ica t ion o f heavy ion 
acce le ra to rs as dr iver cand ida tes f o r 
p o w e r genera to rs by inert ial con f i ne ­
m e n t f us i on . H o w e v e r , m a n y cr i t ical 
and di f f icu l t techno log ica l ques t i ons 
remain t o be a n s w e r e d be fo re e c o ­
nom ic feas ib i l i ty can be eva lua ted . 
A n a l ternate a p p r o a c h , p resen ted by 
A l M a s c h k e , w o u l d use l o w energy 
heavy i ons , w i t h ve loc i t ies o f a b o u t 
7 5 c m per s t o imp lode a sphere o f 
deu te r ium- t r i t i um gas . T h e dr ive e n ­
e rgy requi red is 2 . 5 k J per j i g , and 
the dr iver mass is then abou t t en 
t i m e s greater than tha t o f the fuel 
be ing i m p l o d e d . 

A n e w sess ion on Radiat ion 
Sources w a s inc luded f o r the f i rs t 

t ime at th is Con fe rence , s ince these 
app l i ca t ions have recent ly gone 
t h r o u g h a ma jo r expans ion in the 
area o f s y n c h r o t r o n rad ia t ion and the 
d e v e l o p m e n t o f o ther nove l rad ia t ion 
sou rces . The ma jo r emphas i s w a s 
o n specia l rad ia t ion sou rces , such as 
the f ree e lec t ron laser, FEL (dr iven 
ei ther in the s ingle pass m o d e or by 
an e lec t ron s to rage r ing), undu la to rs 
and w i g g l e r s in an e lec t ron s to rage 
r ing and C o m p t o n backsca t t e red la­
ser rad ia t ion . Impress ive laser amp l i ­
f i ca t ion resu l ts f o r a s ingle pass FEL 
w e r e p resen ted by C. Brau o f Los 
A l a m o s , c lear ly ind icat ing the benef i t 
o f us ing the tape red w igg l e r ap ­
p r o a c h . Radiat ion enhancemen t by 
as m u c h as 3 % w a s o b s e r v e d , w h i c h 
ho lds great p rom ise fo r ear ly resu l ts 
in the osc i l la tor m o d e ; the m o d i f i c a ­
t i ons f o r th is are n o w be ing carr ied 
ou t . 

A h ighl ight w a s the p resen ta t i on 
by S. K r insky o f the Nat ional 

S y n c h r o t r o n Light Sou rce , NSLS, 
at B r o o k h a v e n , dur ing w h i c h he s y s ­
temat i ca l l y de r i ved the op t im iza t i on 
cr i ter ia f o r undu la to rs and w igg l e r s in 
an e lec t ron r ing and enumera ted the 
l imi t ing f a c t o r s on source b r igh tness 
due t o d i f f rac t ion l imi t , non-zero 
b e a m em i t t ance magn i t ude and f in i te 
leng th o f the specia l rad ia t ion u n d u -
la tor or w i g g l e r sou rce . These a rgu ­
m e n t s wi l l cer ta in ly p lay a role in the 
evo lu t i on o f s y n c h r o t r o n rad ia t ion 
r ings such as the A d v a n c e d L ight 
Source (ALS) p ro jec t , a 1.3 G e V , l o w 
e m i t t a n c e , s y n c h r o t r o n rad ia t ion 
sou rce , desc r i bed by R. Shah f r o m 
Berke ley , and o the r r ings be ing s t u ­
d ied in the U S A and W e s t e r n Eu­
rope . 

The s c o p e o f p resen t e lec t ron 
s to rage r ing s y n c h r o t r o n rad ia t ion 
sou rces is be ing b roadened by the 
poss ib i l i t y o f g a m m a radiat ion g e n ­
era t ion by C o m p t o n backsca t t e r i ng . 
A . Sandor f i s p o k e o f a ve ry high f lux 
(over 1 0 7 per s) o f po lar ized g a m m a s 
up t o 3 0 0 M e V in ene rgy , w h i c h w i l l 
be p r o d u c e d by col l id ing 3 eV laser 
p h o t o n s w i t h the 2 .5 GeV e lec t rons 
o f the NSLS. Th is app roach has been 
f u n d e d f o r c o n s t r u c t i o n and wi l l ex­
t e n d the sc ient i f ic d isc ip l ines at the 
NSLS t o inc lude l o w energy nuclear 
phys i cs . 

Techniques for the future 

There w a s l ively in teres t in n e w 
acce le ra to r t echn iques , inc lud ing 
co l lec t i ve acce le ra to rs such as recir­
cu la t ing l inacs. T w o such acce lera­
t o r s tha t con t r o l the po ten t ia l we l l at 
the f r o n t o f an in tense re lat iv is t ic 
e lec t ron b e a m w e r e d i scussed — the 
ion izat ion f r o n t acce le ra to r (IFA) and 
the helix con t ro l l ed acce lera tor . A 
s e c o n d genera t i on IFA w a s repo r t ed 
near ing c o m p l e t i o n at S a n d i a ; it is 
des igned t o p roduce con t ro l l ed ac­
ce lera t ing f ie lds o f 1 0 0 M V per m 
o v e r 1 m . Exper imen ts at Ma ry l and 
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w e r e repor ted fo r a helix s t ruc tu re 
and fo r ions co l lect ive ly acce lera ted 
f r o m laser -produced p l a s m a s ; ion 
energies up t o several M e V per nu -
c leon are rout ine ly ach ieved . N e w 
col lect ive acce lerator ideas include 
use o f a space charge w a v e instab i l ­
i ty in a dielectr ic gu ide and a t rave l ­
ling magnet ic w a v e on a to ro ida l e l ­
ec t ron c loud . 

Laser accelerator s c h e m e s , and 
part ic le s imula t ions o f t h e m , at ­
t rac ted d iscuss ion . S o m e o f these 
schemes e m p l o y lasers t o p roduce a 
bea twave in a p lasma at the e lec t ron 
p lasma f requency . A ve ry large 
electr ic f ield resul ts ove r a ve ry smal l 
reg ion. It is specu la ted tha t ve ry high 
e lect ron energies (about 1 T e V ) 
m igh t be p r o d u c e d , bu t ve ry high las­
er intensi t ies are needed and the 
number o f acce lerated par t ic les 
w o u l d be smal l . No expe r imen ts 
w e r e repor ted fo r these c o n c e p t s . 

Several nove l ideas w e r e pre­
sen ted tha t deal w i t h m o r e c o n v e n ­
t ional techno log ies . A racet rack in­

duc t ion accelerator w a s p r o p o s e d 
w i t h s te l lerator w i n d i n g s on the 
cu rved sec t ion t o p rov ide beam s ta ­
bi l i ty. A beam ex t rac ted f r o m an in­
duc t ion accelerator w a s f o c u s e d 
w i t h a ser ies o f fo i ls . A n d a t rans ­
verse focus ing f ield acce lerator w a s 
p r o p o s e d tha t p roduces a r i bbon -
shaped beam that is f o c u s e d and 
acce lerated b e t w e e n pairs o f cu rved 
p lates w i t h a l ternat ing curva tu res . 
A n in terest ing des ign fo r a h igh-cur­
rent induct ion accelerator w i t h nine 
parallel beam channels (Hermes III) 
w a s p resen ted . 

The c los ing sess ion o f fe red three 
ta lks by r e n o w n e d exper ts on areas 
o f specia l in terest . Eric V o g t f r o m 
TRIUMF rev iewed e lec t ron and hea­
vy - ion mach ines fo r nuclear re­
search. He deno ted these ap­
proaches as conserva t i ve and spe ­
cu la t ive, respect ive ly , and b o t h have 
s t r o n g adherents . Charlie Bal tay o f 
Co lumbia gave a v igo rous repor t on 
the A s p e n react ion on fu tu re high 
energy faci l i t ies in the U S A — w h a t 

t e c h n o l o g y wi l l be suf f ic ient ly p o w ­
erful t o go b e y o n d the T e v a t r o n , LEP, 
e tc? W h a t Labora to ry wi l l be big 
enough t o ho ld the Deser t ron — the 
acce lera tor w h i c h wi l l s tep in to , or 
ac ross , the ' dese r t ' jus t over the pre­
sent energy hor izon? Finally, Pief Pa-
n o f s k y reminded us tha t it is d i f f icul t 
t o see t o o far ahead. The ut i l i ty o f a 
n e w mach ine can be d i f ferent f r on 
our expec ta t i ons , and plans m a y 
the re fo re need t o change. He encour ­
aged the p lanners : a l though the cos t 
scal ing rules fo r increasing energy 
look o m i n o u s . Labora tor ies have re­
duced unit cos t per M e V t o the po in t 
w h e r e to ta l c o s t s are no t d o m i n a t e d 
by the acce lerator a lone. W i t h deve l ­
o p m e n t o f the necessary ta len ts f o r 
these great fac i l i t ies, w e a lways 
seem able t o make the next s tep . 

(We are grateful to Bob Jameson 
and 01 in van Dyck for organizing cov­
erage of this Conference and provid­
ing the information for this article.) 

Theoretical science and the future of 
large scale computing 
Kenneth G. Wilson 

There are ex t raord inary changes tak ­
ing place in the bus iness c o m m u n i t y , 
dr iven by the t w i n p ressures o f J a ­
pan and the c o m p u t e r . The change is 
no t a lways recogn ized in the aca­
demic c o m m u n i t y or in g o v e r n m e n t , 
w h i c h evo lve m u c h m o r e s l o w l y . 

The t imesca le fo r research and de ­
ve lopmen t is shr ink ing fas t . The o ld 
p ic ture o f research and d e v e l o p m e n t 
can be i l lustrated by the laser, d is ­
cove red more than t w e n t y years 

ago . N o w there is go ing t o be a revo ­
lut ion in commun i ca t i ons based on 
lasers and opt ica l f ib res . In tha t 
t w e n t y - y e a r pe r iod , the laser has 
gone f r o m being a scient i f ic cur ios i ty 
t o the sub ject o f a s tandard industr ia l 
R and D opera t ion . But especia l ly in 
the c o m p u t i n g bus iness , one no lon ­
ger has t w e n t y years t o d o R and D. 
One has maybe three or f i ve years . A 
p roduc t lasts fo r three t o f ive years , 
and then i t ' s back t o the d r a w i n g 

boa rd . Th is pressure means tha t the 
s ty le o f R and D w h i c h t inkers w i t h a 
we l l -de f ined ob jec t does no t w o r k 
any m o r e . It a lso requires greater 
sc ient i f ic unders tand ing , t o enable 
m o v i n g in to n e w areas fas ter . 

In the t rad i t iona l industr ia l ap­
p roach every th ing inside the industry 
is secre t . Progress is n o w t o w a r d s a 
s i tuat ion w h e r e t o gain industr ia l ad­
van tage compan ies have t o learn 
early on abou t n e w deve lopmen ts 
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The computer 
message 
This article is based on a talk 
given by Kenneth Wilson at 
CERN in the CERN Computer 
Seminar series. Wilson, who 
was awarded the Nobel Prize 
for Physics last year (see 
December 1982 issue, page 
403), is a strong advocate 
of extending and improving 
the use made of computers 
in physics. 

Over the years, physics 
and computer science have 
tended to go their own ways, 
and although many physicists 
use computers in their work, 
their methods are often highly 
traditional. However, it is 
becoming clear that a lot of 
present activity in computer 
science and software engi­
neering is relevant to high 
energy physics. 

Last year, a workshop on 
high energy physics software 
was held at CERN with the 
subtitle — ' Where do we go 
from here?' Its aim was to 
stimulate exchanges of pro­
gramming experience be­
tween computer oriented 
people in high energy physics 
and in other professions and 
fields of research. This meet­
ing provided a glimpse of 
how physics could benefit 
from computing develop­
ments in other areas. How­
ever few lines of direct com­
munication exist, and recom­
mendations were made for 
ways of improving this 
awareness. Following what 
Ken Wilson has to say on 
the subject is surely one of 
them. 

ou ts ide . Th is wi l l be more i m p o r t a n t 
than keep ing th ings secre t . Indus­
t r ies have n o w t o reorganize so tha t 
ou ts ide rs can ta lk t o peop le in indus­
t r y and br ing ideas in. 

Th is k ind o f change means tha t the 
role o f sc ience and sc ien t is ts in s o ­
c ie ty is go ing t o b e c o m e qui te d i f fer ­
ent f r o m w h a t it has been in the pas t . 
Scient i f ic ope ra t i ons shou ld be m u c h 
m o r e in tegra ted w i t h bus iness oper ­
a t ions as bus iness seeks t o be in­
f o r m e d and t o t ake advan tage o f 
basic research . The lead area w h e r e 
th is is go ing t o t ake place is c o m p u t ­
ing because it is here w h e r e the R and 
D t i m e s are the shor tes t . 

H o w wi l l c o m p u t i n g d e v e l o p m e n t s 
a f fec t basic research? In e lemen ta ry 
par t ic le phys i cs , exper imenta l i s ts 
have t o ana lyse even ts w h i c h inc lude 
hundreds o f par t ic les , and a M o n t e 
Carlo s imu la t ion clearly eats up a 
ma jo r a m o u n t o f c o m p u t i n g p o w e r . 
But the pr inc ip le o f energy c o n s e r v a ­
t i on he lps . Hundreds of par t ic les are 
i n v o l v e d , rather than mi l l ions. But t o ­
d a y ' s t heo r i s t s face the p r o b l e m o f 
hav ing t o s t u d y on a ve ry sho r t t i -
mesca le the even ts tha t the exper ­
imenta l i s ts measure . Hundreds o f 
par t ic les are no t su i ted t o s imp le ana­
lyt ic theor ies like the t h e o r y o f the 
h y d r o g e n a t o m or the t h e o r y o f the 
ear th go ing a round the sun . One has 
t o re ly, at least in par t , on c o m p u t e r 
s imu la t i on . 

C o m p u t e r s imula t ion f o r the t h e o ­
r ist has t o deal no t w i t h the f inal ou t ­
c o m e o f an expe r imen t , so m u c h as 
w i t h the f a c t o r s tha t gove rn i ts f inal 
o u t c o m e . In a ve ry shor t t ime interval 
energy conse rva t i on no longer res t ­
r ic ts the n u m b e r o f par t ic les. T o be 
prec ise , w h e n deal ing w i t h sho r t ­
l ived g luons inside a p r o t o n or neu­
t r o n , ten or f i f t y are no t e n o u g h . In 
fac t a lat t ice is needed in o rder t o 
have a f in i te number o f g luons . But 
even a f in i te lat t ice inside the p r o t o n 
is go ing t o invo lve t h o u s a n d s , if no t 

mi l l ions o f p o i n t s , and g luons shou ld 
be p resen t at every po in t o f t ha t 
m e s h . T h e c o m p u t i n g p o w e r needed 
f o r these theore t ica l s imu la t i ons ; 
w h i c h are sti l l M o n t e Carlo s imu la ­
t i o n s , are e n o r m o u s l y larger than ex­
per imenta l r equ i remen ts , s imp ly be ­
cause the n u m b e r o f ob jec t s in­
v o l v e d is so m u c h larger. A n d tha t is 
w h y I s t a r t ed th ink ing abou t h o w one 
w o u l d jus t i f y ge t t i ng e n o r m o u s 
a m o u n t s o f c o m p u t i n g p o w e r in to 
theore t i ca l sc ience. 

W h e n I a d d e d up the to ta l c o m p u t ­
ing requ i remen ts tha t I needed , I d i s ­
c o v e r e d n o b o d y w a s mak ing tha t 
k ind o f c o m p u t e r . So the f i rs t p r o b ­
lem w a s no t t ha t I d id no t have any 
m o n e y , bu t t ha t even if I d i d , there 
w o u l d be no th ing t o spend it o n . A n d 
pursu ing tha t s a m e line o f reason ing , 
I have gradual ly c o m e t o ge t an ove r ­
v i e w o f the c o m p u t i n g s i tua t ion , no t 
on ly in un ivers i t ies but in indus t ry as 
w e l l , w h e r e the big need lies. 

One p r o b l e m is the ques t ion o f 
t ra in ing . The s tanda rd a t t i tude o f 
phys ic i s t s t o w a r d s c o m p u t i n g is tha t 
t o be ready t o d o ser ious c o m p u t i n g , 
w h e t h e r it be c o m p u t e r s imu la t ion 
f o r t h e o r y o r da ta analys is f o r exper i ­
m e n t , t hey need on ly a t w o - w e e k 
cou rse in FORTRAN. 

'Nobody would sug­
gest that someone 
is ready to do serious 
experimental work in 
physics if they have 
just had a two-week 
course in soldering. 
And yet the attitude 
is that a two-week 
course in FORTRAN 
gets people ready to 
do computing!' 
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Spreading the computer message 
Kenneth Wilson. 

(Photo Cornell University) 

N o w c o m p u t e r s imu la t ion f o r a 
theor i s t is ex t reme ly c lose t o t he idea 
o f an exper imen t . A c o m p u t e r s i m u ­
lat ion has t o c o m e up w i t h a n u m b e r 
as an a n s w e r , it d o e s no t c o m e up 
w i t h f unc t i ons or ideas. So f i rs t one 
has t o k n o w h o w t o des ign a c o m ­
puter s imu la t ion w h o s e n u m b e r is 
w o r t h ge t t i ng , w h i c h is ana logous t o 
se t t i ng up an expe r imen t and de te r ­
min ing all i ts pa rame te rs . One has t o 
analyse the n u m b e r s t ha t c o m e ou t , 
and face all t he s a m e p r o b l e m s as an 
analys is o f exper imen ta l d a t a . 

N o b o d y w o u l d sugges t t ha t s o m e ­
one is ready t o d o ser ious exper ­
imenta l w o r k in phys i cs if t h e y have 
had jus t a t w o - w e e k cou rse in so l ­
de r ing . A n d ye t the a t t i t ude is t ha t a 
t w o - w e e k course in FORTRAN ge t s 
peop le ready t o d o c o m p u t i n g ! 

W h a t k ind o f t ra in ing is requ i red? 
Tra in ing has t w o pa r t s . One par t is 
l ike exper imenta l t ra in ing — an ap ­
prent icesh ip o f severa l years w r i t i n g 

a PhD, w o r k i n g w i t h an exper ienced 
pe rson w h o k n o w s h o w t o f o rmu la te 
an expe r imen t , h o w t o d o da ta ana­
lys is , h o w t o make sure tha t the s y s ­
t ema t i c e r ro rs do no t w i p e ou t the 
resul t , e tc . The same set o f p r o b l e m s 
appl ies t o c o m p u t e r s imu la t i on . So it 
is c lear tha t peop le w h o w a n t t o d o 
tha t shou ld g o t h rough the s a m e k ind 
o f appren t i cesh ip . 

T h e o ther requ i rement is t ra in ing in 
c o m p u t e r sc ience , in the m a n a g e ­
m e n t o f large scale s o f t w a r e . Th is 
has been p o o h - p o o h e d by the sc ien ­
t i f ic c o m m u n i t y . M e a n w h i l e , the 
sc ient i f ic c o m m u n i t y , a long w i t h the 
bus iness c o m m u n i t y and the na t i on ­
al Labo ra to r y c o m m u n i t y , is bu i ld ing 
up a back log o f huge pi les o f FOR­
T R A N w h i c h canno t be read or m o d ­
i f ied and is jus t an incredib le d rag on 
the w h o l e sc ient i f ic o p e r a t i o n . It ea ts 
up inf in i te a m o u n t s o f peop le ' s t ime 
w h i c h cou ld be be t te r spen t e lse­
w h e r e and d i rec ts p ro jec ts a long r i ­

g id d i rec t i ons w h e n one really w a n t s 
t o be d o i n g s o m e t h i n g e lse ! 

T h r o u g h o u t the 1 9 6 0 s , i ndus t ry 
and US nat iona l Labora to r ies were" 
busi ly bu i ld ing these huge p r o g r a m s , 
no t w o r r y i n g m u c h abou t w h a t w a s 
happen ing . A b o u t 1 9 7 1 t hey 
reached a l imi t . In US nat ional Labo ­
ra tor ies t o d a y there are f e w p r o ­
g r a m s tha t w e r e w r i t t e n less t han ten 
years ago . 

The ma in th rus t in c o m p u t e r 
sc ience is h o w t o deal w i t h th is p r o b ­
lem. H o w d o y o u w r i t e large p ieces 
o f s o f t w a r e so tha t y o u k n o w w h a t 
y o u have g o t w h e n y o u have f in ished 
and y o u can w o r k w i t h it a f t e r w a r d s ? 
Rather t han exho r ta t i ons t o w r i t e in 
spec i f ic p r o g r a m m i n g languages , 
c o m p u t e r sc ien t i s ts d i scuss t e c h ­
n iques f o r s o f t w a r e m a n a g e m e n t 
w h i c h app ly in any language. Then 
there is a lgo r i t hm des ign and a w h o l e 
list o f t o p i c s w h i c h have been deve l ­
o p e d ove r 2 0 years . 
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A n y graduate s tuden t w h o is t o 
use a c o m p u t e r as par t o f his PhD 
shou ld have abou t a t h r e e - m o n t h 
t ra in ing course in re levant a s p e c t s o f 
c o m p u t e r sc ience. C o m p u t e r t ra in ­
ing shou ld also be m o r e in teg ra ted 
w i t h co l lege level cou rses at b o t h t he 
underg radua te and g radua te s tage . 
But th is means chang ing the lan-

Jkjage or the f r a m e w o r k o f c o m p u t ­
ing because a s tuden t c a n n o t p re ­
pare a FORTRAN p r o g r a m in the t i m e 
tha t it t a kes t o d o a no rma l cou rse 
ass i gnmen t . 

T h e n there is n e t w o r k i n g . M a n y 
phys ic i s t s face the issue o f w a n t i n g 
t o w o r k f r o m a h o m e ins t i tu t ion on 
an expe r imen t e l s e w h e r e , w a n t i n g t o 
ta lk t o co l leagues at o the r ins t i tu ­
t i o n s , and t o exchange da ta and p r o ­
g r a m s , e tc . 

There is one add i t iona l aspec t o f 
n e t w o r k i n g w h i c h I f i nd m a n y sc ien ­
t i s t s are unaware of . Th is is in te rd is ­
c ip l inary c o m m u n i c a t i o n . For e x a m ­
p le , an electr ical eng ineer at Cornel l 
w a s prepar ing a c o m p u t e r a rch i tec­
tu re cou rse . He had t o c o v e r a b o u t 

moht d i f fe rent c o m p u t e r s , a b o u t half 
mf w h i c h he k n e w , bu t he needed 
i n fo rma t i on on the o the r half. So he 
pu t a reques t on the A R P A N E T bul le­
t in boa rd f o r i n fo rma t ion a b o u t the 
unfami l iar c o m p u t e r s . Exper ts on 
t h o s e f ou r c o m p u t e r s sen t h im re­
pl ies ove r A R P A N E T . 

A s m o r e theo r i s t s m o v e t o w a r d s 
c o m p u t e r s , t hey are m o v i n g t o w a r d s 
so lv ing p r o b l e m s f r o m f i rs t p r inc i ­
p les. No t jus t in e lemen ta ry par t ic le 
phys i cs w h e r e one e x p e c t s t o w o r k 
f r o m f i rs t pr inc ip les a n y w a y , bu t in 
so l id s ta te phys i cs , app l ied phys i cs , 
c h e m i s t r y , g e o l o g y , and m a n y areas 
o f eng ineer ing . These peop le need t o 
c o m m u n i c a t e w i t h each o the r so 
t h e y d o no t keep re invent ing the 
s a m e th i ng . The c o m p u t e r n e t w o r k 
is needed t o enable th is c o m m u n i c a ­
t i on t o t a k e place. 

Th is is especia l ly i m p o r t a n t t o 

br ing the academic c o m m u n i t y in 
c o n t a c t w i t h indus t ry as industr ia l R 
and D m o v e s f r o m a c losed o p e r a ­
t i on w h i c h w o u l d no t accep t in for ­
m a t i o n , even if it w e r e supp l i ed , t o an 
o p e n ope ra t i on seek ing i n f o rma t i on . 
Industr ia l research peop le can use 
the n e t w o r k t o ask f o r help f r o m ou t ­
s ide. I a m press ing ve ry hard in W a ­
sh ing ton f o r a c o m p u t e r n e t w o r k 
serv ing all sc ien t i s ts . 

Nex t there is s o f t w a r e . The so f t ­
w a r e p r o b l e m led in the end t o the 
s t o p in d e v e l o p m e n t b o t h at b ig Lab­
o ra to r ies and in bus iness . I th ink th is 
w a s a p r imary reason the d e m a n d 
d id no t appear immed ia te l y f o r a s u ­
p e r c o m p u t e r l ike the Cray. If t he de ­
m a n d had deve loped in the no rma l 
w a y f r o m p rog ress in the 6 0 s , super ­
c o m p u t e r s w o u l d be c o m m o n p l a c e 
n o w . 

T h e s o f t w a r e p r o b l e m is one w o r d 
- F O R T R A N . FORTRAN is rest r ic ­
t i ve because there is a l imit t o the 
c o m p l e x i t y o f the p r o g r a m s tha t one 
can w r i t e us ing it. FORTRAN has t w o 
p r o b l e m s . One is tha t y o u canno t 
read it and the o ther is tha t y o u can ­
no t m o d i f y it. C o m p u t e r sc ien t i s ts 
have been comp la in ing abou t th is f o r 
yea rs , bu t t hey have no t been ve ry 
he lpfu l . First t hey t o u t e d A L G O L . 
T h e n P L / 1 . T h e n P A S C A L . But as far 
as I can see none o f these languages 
really so l ve the p r o b l e m s o f FOR­
T R A N . 

A n ana logy s h o w s the heart o f the 
p r o b l e m . A 6 0 - p a g e FORTRAN p r o ­
g r a m has rough ly as much i n f o r m a ­
t i on as an advanced t e x t b o o k . T o 
t a k e tha t t e x t b o o k and g ive it t he 
qual i ty o f FORTRAN p r o g r a m , 
sc ramb le all t he w o r d s . For examp le , 
t r y i ng t o f igure ou t a big FORTRAN 
p r o g r a m requi res cont inua l ly leaping 
back and f o r t h t h r o u g h the ent i re l ist­
ing . Can s o m e t h i n g be done abou t 
th is? I have been t r y ing t o under ­
s t a n d w h a t c o m p u t e r sc ience ideas 
m igh t be t ru ly helpful and I a m c o n ­

v i nced tha t there are ideas, w h i c h if 
p rope r l y p a c k a g e d , w o u l d easi ly s u ­
persede F O R T R A N . But the ideas 
have no t been p a c k a g e d f o r sc ien ­
t i f ic p r o c e s s i n g . T h e y are be ing used 
in o the r areas like da tabase m a n a g e ­
m e n t or ope ra t i ng s y s t e m s because 
the sc ient i f ic p r o g r a m m e r s have said 
t ha t t hey d o no t w a n t any th ing o the r 
t han F O R T R A N , and the c o m p u t e r 
sc ien t i s ts have t aken t h e m at thei r 
w o r d . Fu r the rmore the packag ing re­
qu i res s o m e b o d y w h o really under­
s t a n d s w h a t a sc ient i f ic p r o g r a m m e r 
w a n t s . Th is the c o m p u t e r sc ien t i s ts 
d o no t u n d e r s t a n d . 

But I w o u l d like t o g ive an idea o f 
w h a t p r o g r a m m i n g m igh t be like us ­
ing s o m e o f t hese c o m p u t e r sc ience 
ideas in a sc ient i f ic p r o g r a m m i n g 
s y s t e m . T h e p r o b l e m is no t t o e l imi ­
nate FORTRAN but t o d e m o t e it t o 
the level o f a s s e m b l y language, a lan­
guage p r o d u c e d by mach ines and 
no t by peop le . It d o e s n ' t ma t t e r if 
a s s e m b l y language is unreadable be ­
cause y o u never read it a n y w a y . Or 
y o u s h o u l d n ' t ! 

C o m p u t e r sc ien t i s ts are th ink ing 
abou t h o w t o t ake m o d e l s w h i c h 
humans have d e v e l o p e d ove r t h o u ­
sands o f yea rs t o handle c o m p l e x 
organ iza t iona l p r o b l e m s and use the 
c o m p u t e r in t he f r a m e w o r k o f t hese 
m o d e l s . A s an examp le , t ake a t e x t ­
b o o k , a f r a m e w o r k o f i n fo rma t i on 
o rgan ized so tha t it can be read . Sup -

'The scientific com­
munity... is building 
up a backlog of huge 
piles of FORTRAN 
which cannot be read 
or modified and is 
just an incredible 
drag on the whole 
scientific operation/ 
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pose w e w a n t a p r o g r a m t o look like 
a t e x t b o o k . Chapter 1 wi l l l ist the 
equat ions t o be s o l v e d . (I a m ta lk ing 
as a theor is t so I a m in te res ted in 
equat ions ! ) Chapter 2 i n t roduces the 
numer ica l m e t h o d s t o so lve these 
equat ions . Chapter 3 l ists the 
boundary cond i t i ons . Chapte r 4 
descr ibes the da ta s t ruc tu res . Later 
the b o o k deals w i t h the op t im iza t i on 
m e t h o d s t o make the p r o g r a m sup-
er fast on o n e ' s favour i te c o m p u t e r . 
In a norma l FORTRAN p r o g r a m par t 
o f each o f these d i f fe rent chap te rs is 
p resent in every l oop . 

H o w cou ld th is s y t e m o f separa te 
chap te rs actual ly w o r k ? One w a y is 
at the end o f Chapter 2 , a f ter in t ro ­
duc ing speci f ic c o d e s f o r numer ica l 
m e t h o d s , a t r a n s f o r m a t i o n is de f ined 
w h i c h inser ts tha t c o d e in to the 
equat ions in Chapter 1 . Such a t r ans ­
f o r m a t i o n w o u l d say , f o r e x a m p l e , 
tha t an integral s ign is t o be rep laced 
by a cer ta in p iece o f c o d e . T r a n s ­
fo rma t iona l s y s t e m s a l ready ex is t 
w h i c h c o m e qui te c lose t o be ing able 
t o do tha t . The advan tage o f t r ans ­
f o r m a t i o n s is tha t the equa t ions in 
Chapter 1 are par t o f the f inal p ro ­
g r a m and the re fo re if the p r o g r a m is 
changed , but no t the equa t i ons , the 
p r o g r a m d o e s no t run . The equa t ions 
have t o c o n f o r m w i t h the p r o g r a m . If 
the equat ions w e r e w r i t t e n in a nice 
order ly fash ion but are no t par t o f the 
p r o g r a m , then t hey are the equa t i ons 
fo r w h a t the p r o g r a m d id be fo re , no t 
w h a t it d o e s n o w . 

Scient i f ic input is requ i red f o r a 
s y s t e m w h i c h serves sc ien t i s t s , so I 
have set up the GIBBS pro jec t at Cor­
nell o f w h i c h I a m the d i rec to r bu t all 
the w o r k e r s wi l l be c o m p u t e r sc ien­
t i s t s . I hope there wi l l be o the r such 
p ro jec ts because it is clear tha t any 
single pro jec t has a ve ry h igh p r o b a ­
bi l i ty of fa i lure, as in the case o f oper ­
at ing s y s t e m s . 

Finally, there is the ha rdwa re ques ­
t i o n . H o w are w e go ing t o ge t su f f i ­

c ient c o m p u t i n g p o w e r t o tack le 
basic theore t ica l ques t i ons , and no 
d o u b t exper imenta l ques t i ons as 
we l l? The main t r end in c o m p u t e r 
c o m p o n e n t s is no t tha t t hey ge t f as ­
ter bu t tha t t hey get cheaper . T o get 
m a x i m u m c o m p u t i n g p o w e r the 
ques t ion is no t one o f hav ing a s ingle 
c o m p u t e r w h i c h ge ts fas te r and fas ­
te r , but hav ing lots and lo ts o f c o m ­
pu te rs running in paral lel . 

The indus t ry is b e c o m i n g increas­
ingly a w a r e tha t it has t o th ink abou t 
parallel p rocess ing at all levels. But 
there is a lso an incredib le o p p o r t u n i ­
t y f o r sc ien t is ts t o ge t in to the deve l ­
o p m e n t o f parallel p rocess ing by be­
ing gu inea-p igs fo r s y s t e m s ve ry ear­
ly in thei r d e v e l o p m e n t , w h e r e it 
t akes a PhD phys ic is t t o m a k e it 
w o r k . If indus t ry sees all t he th ings 
tha t w e have t roub le w i t h , t hen they 
can g o back and f ix t h e m . W h a t 
indus t ry w a n t s is t o p roduce s o m e ­
th ing w h i c h a PhD phys ic is t can use 
in his s leep. M a y b e then the man in 
the s t ree t can star t t o use it. 

T o i l lustrate var ious k inds o f para l ­
lel p rocess ing I shall use a human 
ana logy aga in , namely an airl ine 
coun te r . The f i rs t poss ib i l i t y , o f no t 
m u c h in teres t , is t o have one clerk 
beh ind the counter . If tha t c lerk can ­
no t keep up w i t h the w o r k , t hen a 
d e v e l o p m e n t pro jec t is launched f o r 
a s ingle clerk w i t h fou r a r m s ! 

The nex t app roach t o parallel p ro ­
cess ing is the so-ca l led v e c t o r super ­
c o m p u t e r arch i tec ture . Here there 
are a number o f c lerks beh ind the 
coun te r and a queue o f c u s t o m e r s . 
The f i rs t c u s t o m e r advances t o the 
f i rs t c lerk , the f i rs t c lerk pul ls ou t a 
t i cke t and the c u s t o m e r w i t h his 
t i cke t goes t o the s e c o n d c lerk. The 
s e c o n d clerk w r i t es the c u s t o m e r ' s 
name on the t i cke t . The c u s t o m e r 
then goes t o the th i rd c lerk w h o pu ts 
the des t ina t ion on the t i cke t . It is an 
assemb l y l ine. 

Th is f o r m of o rgan iza t ion w o r k s 

f ine as long as all the c u s t o m e r s w a r n 
t i c k e t s , but w h a t if a c u s t o m e r w a n t s 
his lost baggage t raced? W h e n tha t 
happens , the ent i re assemb ly line 
g r inds t o a halt wh i le one c lerk s i ts 
there p rocess ing lost baggage and 
on ly w h e n he is f in ished does the 
assemb l y line s tar t p rocess ing t i ck ­
e ts aga in . 

S o m e s u p e r c o m p u t e r s have t h 
same p r o b l e m . They are incredib ly 
fas t in do ing mul t ip l ies and adds but 
a c o m p l i c a t e d address ca lcu la t ion 
has t o be done e l sewhere , us ing a 
single m u c h s l o w e r s y s t e m . 

The nex t f o r m of organizat ion w a s 
i l lust rated or ig inal ly by the llliac 4 and 
n o w has been re incarnated in severa l 
commerc ia l mach ines . In th is o rgan ­
izat ion the c u s t o m e r s line up in f ron t 
o f all t he c lerks and there is another 
c lerk w i t h a m e g a p h o n e . He barks 
ou t ' C u s t o m e r s advance t o coun te r ' , 
and t hey all c o m e up. The c lerk w i t h 
the m e g a p h o n e says 'Pull ou t a t ick­
e t ' and then p roceeds t o shou t ou t al 
the ins t ruc t ions fo r f i l l ing ou t t i c ke t s 
A g a i n it is ve ry g o o d f o r produc ing 
t i c k e t s , jus t as e f fec t ive as the ar 
s e m b l y line app roach . But it has e>? 
act ly the same p r o b l e m . W h e n c 
s ingle c u s t o m e r w a n t s lost baggage 
t r a c e d , one c lerk t races baggage ir 
r esponse t o the ins t ruc t ions f r o m the 
clerk w i t h the m e g a p h o n e . 

In the actual c o m p u t e r s , the p ro 
cesso rs are connec ted in a s q u a n 
array and one p rocesso r can onl \ 
pass i n fo rma t i on t o i ts nearest neigh 
bour . Tha t is the m o s t c o m m o n anc 

'What industry 
wants is something 
which a PhD physicist 
can use in his sleep. 
Maybe then the man 
in the street can start 
to use i t / 
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f as tes t f o r m o f c o m m u n i c a t i o n . For 
p r o b l e m s w h i c h are ve ry regular in 
s t ruc tu re , like M o n t e Car lo ca lcu la­
t i o n s , in lat t ice gauge t h e o r y , th is 
o rgan iza t ion is ex t reme ly e f fec t i ve . 
But f o r th ings like t rack ing sur faces 
o f s ingular i t ies in a f lu id d y n a m i c s 
f l o w , then the c o m p u t i n g requi re­
m e n t s at one po in t are ve r y d i f fe rent 

| r o m the c o m p u t i n g requ i remen ts 
e l sewhere . 

None o f these organ iza t ions s e e m 
t o be ve ry useful f o r deta i led exper ­
imenta l da ta analys is . A n o t h e r and 
m o r e p romis ing f o r m o f paral lel p r o ­
cess ing has n o w been d e v e l o p e d , 
bu t i ts on ly commerc ia l real izat ion t o 
da te is expens ive and no t ve ry c o s t 
e f fec t i ve . It uses the s a m e organ iz ­
a t ion used in the m o s t e f fec t i ve air­
line coun te rs . There is a queue o f 
c u s t o m e r s and the c u s t o m e r s g o t o 
the f i rs t avai lable c lerk . Each c lerk 
can p rocess any reques t i ndepend ­
ent ly o f w h a t any o the r c lerk d o e s . 
One o f the big d i f fe rences w i t h th is 
a p p r o a c h is tha t w h o l e sub rou t i nes 
or l oops can be hand led at a t i m e , so 

yeach p rocesso r can p r o c e s s o n i ts 
Ibwn f o r a long t ime be fo re it has t o 
c o m m u n i c a t e w i t h the res t o f the 
s y s t e m . Th is is ex t reme ly i m p o r t a n t 
because wh i le c o m p u t e r sc ien t i s ts 
have been s tudy ing opera t i ng s y s ­
t e m s fo r parallel p rocess ing f o r s o m e 
t i m e , invar iably t hey w i n d up w i t h an 
ope ra t i ng s y s t e m w h i c h can handle 
paral lel p rocess ing excep t tha t eve ry 
t ime a message has t o g o f r o m one 
p rocess t o ano ther it t a k e s abou t a 
hundred t imes longer than t hey o r ig i ­
nally des i red . 

W h a t is needed in paral lel p r o c e s s ­
ing is a w a y o f cu t t i ng d o w n the n u m ­
ber o f t imes tha t any p r o c e s s o r has 
t o c o m m u n i c a t e w i t h ano the r , so 
huge j o b s can run be fo re t h e y have t o 
ta lk t o each o ther . 

N o w I w o u l d like t o f in ish w i t h a 
var iant on th is des ign w h i c h w a s de ­
v e l o p e d ^ N e w Y o r k Un ivers i t y . It 

d o e s no t ye t ex is t as a p iece o f ha rd ­
w a r e . Only the basic c o n c e p t has 
been s imu la ted . It deals w i t h the s i t ­
ua t ion w h e r e there are 4 0 0 0 c le rks 
beh ind the coun te r . Then the s ingle 
queue o f c u s t o m e r s can be a bo t t l e ­
neck . People canno t get t o the c le rks 
fas t e n o u g h . The n e w app roach is 
tha t w h e n one o f these c lerks f i n ­
ishes w i t h a c u s t o m e r , the c lerk 
heads f o r the queue. If t w o c le rks 
col l ide o n the w a y t o the queue , one 
c lerk s t ands aside and the o the r g o e s 
t o the queue and fe t ches t w o cus ­
t o m e r s , g ives one t o his f r iend and 
t akes the o the r one back . 

W i t h 4 0 0 0 c le rks , each clerk tha t 
actual ly m a k e s it t o the c u s t o m e r 
queue is typ ica l ly tak ing 3 2 or 6 4 
c u s t o m e r s and d is t r ibu t ing t h e m t o 
the co l leagues he b u m p e d in to . 

T h e ' u l t r acompu te r ' des ign has 
4 0 0 0 p r o c e s s o r s and 4 0 0 0 m e m o r y 
m o d u l e s and a n e t w o r k o f c r i ss ­
c ross ing w i r e s and n e t w o r k nodes 
tha t enab les every p rocesso r t o ac­
cess any m e m o r y modu le . But w h e n 
t w o p r o c e s s o r s make a reques t f o r 
the s a m e da ta loca t ion , t h o s e re­
ques ts w i l l col l ide at a n e t w o r k node 
and ge t coa lesced in to a s ingle re­
ques t . The re are no de lays even if all 
4 0 0 0 p r o c e s s o r s w a n t access t o the 
s a m e m e m o r y loca t ion , f o r examp le 
w h e n all t he p rocesso rs are t r y i ng t o 
w o r k on the s a m e loop . Rather than 
mere ly access ing the l oop index , 
t hey w a n t t o increase it by one as 
t hey p rocess the loop b o d y . For th is 
pu rpose the u l t r acompu te r peop le in ­
v e n t e d an ope ra t i on cal led Fetch and 
A d d . W h e n a request t o f e t c h the 
value o f the index and increase it by 
one is coa lesced , it b e c o m e s a re­
ques t t o f e t c h the index and upda te it 
by t w o . W h e n the resul t c o m e s 
back , the value o f the index g o e s 
back t o one p rocesso r and the va lue 
o f the index increased by one g o e s t o 
the o the r s ide , so tha t each p r o c e s ­
sor ge ts a d i f fe rent value o f the index. 

I feel th is u l t r acompu te r des ign is 
the bes t f o r t he long range fu tu re o f 
paral lel p rocess ing f o r sc ient i f ic 
w o r k . Ar t i f i c ia l in te l l igence, speech 
p rocess ing and areas l ike tha t are 
m o v i n g in a d i f fe rent d i rec t ion . T h e y 
are th ink ing o f paral lel p rocess ing in 
the sense o f t ree s t ruc tu res . A n d 
t h e y l ike th is o rgan iza t ion because it 
is t w o d imens iona l and f i t s ve ry n ice­
ly o n a ch ip . The re is a k ind o f o r g a n ­
izat ion w h i c h is nice f o r a number o f 
art i f ic ial in te l l igence p r o b l e m s bu t is 
no t ve ry usefu l f o r phys ics because 
there w o u l d be a bo t t l eneck w i t h t he 
c o m m u n i c a t i o n s b e t w e e n all t he p r o ­
c e s s o r s . 

I have no d o u b t tha t in the years 
ahead w e are go ing t o see m o r e o f 
th is k ind o f h a r d w a r e and p robab ly 
all t he p rocess ing f r a m e w o r k s I have 
desc r i bed . 

CERN Courier, June 1983 177 



European Committee 
for Future Accelerators 
A view by ECFA Chairman John Mulvey E«««™i*,<i*.M«»»m 

' ' (left) in conversation with former CERN 
Director General Sir John Adams. 

(Photo CERN 424.12.80) 

Nearly 21 years ago , in December 
1 9 6 2 , V i k to r W e i s s k o p f and Cecil 
Powe l l , then respect ive ly CERN's Di­
rec tor General and Chai rman of the 
Scient i f ic Policy C o m m i t t e e , cal led 
toge the r a g roup o f European high 
energy phys ic is ts t o adv ise on s teps 
t o reach higher energy. The CERN PS 
had been in opera t ion since 1 9 5 9 , its 
exper imenta l p r o g r a m m e w a s we l l 
estab l ished and the t ime had c o m e t o 
th ink of the fu ture . 

The Chairman of the g roup , w h i c h 
later t o o k the t i t le 'European C o m ­
mi t tee fo r Future A c c e l e r a t o r s ' , w a s 
Edoardo A m a l d i and his inf luential 
repor t , p resented t o the CERN Coun­
cil in June 1 9 6 3 , r ev iewed the w h o l e 
s t ruc ture and poss ib le d e v e l o p m e n t 
of the f ield in the CERN M e m b e r 
Sta tes . Its p roposa ls inc luded the 
cons t ruc t ion o f the In tersect ing Stor ­
age Rings (ISR), and of a 3 0 0 GeV 
p r o t o n accelerator w h i c h w a s then 
env isaged as being the major fac i l i ty 
o f a second CERN Labora to ry else­
w h e r e in Europe. 

The ISR pro jec t w a s then far in 
advance of its t ime and w ide l y pre­
d ic ted t o be ' imposs ib l e ' . The p ro ­
jec t w a s never the less a p p r o v e d and 
th is still unique machine came into 
opera t ion in 1 9 7 1 . It eventual ly ex­
ceeded its des ign spec i f i ca t ions by a 
w i d e margin and remained t o p o f the 
energy league unti l d isp laced by the 
SPS p ro ton -an t i p ro ton col l ider in 
1 9 8 1 . A p p r o v a l o f the 3 0 0 GeV p ro ­
jec t , later cal led the SPS, w a s h o w ­
ever de layed and the European C o m ­
mi t tee w a s re -convened early in 
1 9 6 6 , again under A m a l d i , t o rev iew 
its r ecommenda t i ons . A f t e r th is it 
met regularly and t o o k the f o r m it has 
t o d a y . 

A f e w m o n t h s ago I asked A m a l d i 
abou t the years w h e n ECFA w a s 
f o r m e d , and h o w he v i e w e d its role 
t o d a y . The f i rs t po in t he s t ressed 
w a s tha t a l though created on an ini­
t ia t ive f r o m CERN, ECFA has f r o m its 

beg inn ings been an independent 
b o d y . A m a l d i ' s letter of inv i ta t ion t o 
the 1 9 6 6 meet ing explains tha t the 
C o m m i t t e e ' . . . shou ld represent the 
op in ions . . . o f the phys ic is ts o f the 
M e m b e r States w o r k i n g in the f ie ld 
o f high energy phys ics . Thus the co l ­
laborat ion w i t h CERN is supposed t o 
o f fe r , bes ides technical and scient i f ic 
sugges t i ons , also cons t ruc t i ve cr i t i ­
c i s m . ' 

ECFA is no t part o f the CERN or­
ganizat ion and this independence is 
essent ia l t o its role in present ing the 
v i e w s o f the c o m m u n i t y on all ma t ­
te rs relat ing t o high energy phys ics in 
Europe. For example , an impor tan t 
i tem on ECFA's current agenda is the 
fu tu re p r o g r a m m e o f research at 
DESY and the HERA pro ject . 

A n o t h e r aspect o f ECFA's w o r k , 
emphas ized by Ama ld i and very we l l 
i l lustrated by the repor ts o f the C o m ­
mi t tee under his cha i rmansh ip , is the 
task o f rev iewing European high en ­

ergy phys ics act iv i t ies as a w h o l e — 
not jus t the plans fo r fu ture accelera­
to rs but a lso their ut i l izat ion, the re­
sources necessary in the univers i t ies 
t o suppo r t exper imen ts , and the 
character o f the c o m m u n i t y i tself. 
His repor ts cove red the full spec t rum 
o f act iv i t ies and set a pat te rn f o r 
t hose t o f o l l o w . The m o s t recent re­
por t in 1 9 7 8 w a s prepared in the 
con tex t o f the p roposa l t o bui ld LEP 
and it wi l l be upda ted in 1 9 8 4 . 

ECFA has no fo rma l l inks w i t h 
Gove rnmen ts in the M e m b e r States 
and no b u d g e t ; i ts on ly resources are 
the e f fo r ts and the en thus iasm of the 
m e m b e r s . Its main w o r k is done by 
the m e m b e r s o f the c o m m u n i t y in the 
W o r k s h o p s and Meet ings it orga­
nizes and sponso rs . These studies 
are useful in themse lves and m a \ 
also lead t o recommendat ions 
agreed by Plenary ECFA w h i c h carr \ 
the author i ty o f the c o m m u n i t y , in­
f luenc ing the Laborator ies and the 
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Scient i f ic Counci ls o f G o v e r n m e n t s . 
The ma jo r ac t i v i t y o f recent years 

has been the t h o r o u g h a s s e s s m e n t 
o f the phys ics po ten t ia l and the f e a ­
s ib i l i ty o f the LEP p ro jec t . In c lose 
co l labora t ion w i t h the CERN t e a m , 
these s tud ies led t o t he ma in spec i f i ­
ca t i ons o f the des i gn , inc lud ing the 
op t im iza t i on f o r b e a m energ ies o f 
|about 9 0 GeV (or app roach ing 
1 2 0 G e V w i t h s u p e r c o n d u c t i n g r.f. 
cav i t ies) . ECFA b rough t m a n y Euro­
pean phys ic is ts in to t hese cons ide r ­
a t i ons , t hus pav ing the w a y f o r a 
remarkab ly w i d e c o n s e n s u s w i t h i n 
the c o m m u n i t y , w h i c h resu l ted in ra ­
p id app rova l — on ly one year a f ter 
LEP's f i rs t f o rma l p resen ta t i on t o the 
CERN Counc i l . 

A s par t o f the LEP s tud ies , ECFA 
cons ide red the d e v e l o p m e n t o f h igh 
ene rgy phys ics in Europe o v e r the 
last decades o f th is cen tu ry . It c o n ­
c luded tha t a l though the phys i cs p o ­
tent ia l o f LEP gave it p r io r i t y as t he 
nex t s t e p , the range o f f u n d a m e n t a l 
ques t i ons t o be t ack led cal led f o r 
ano the r n e w f ron t - l ine mach ine in 
^Europe. The nex t m o s t a t t rac t i ve 
idea w a s the e l e c t r o n - p r o t o n col l ider 
p r o p o s e d by DESY, and ECFA co l la ­
b o r a t e d w i t h DESY in a n u m b e r o f 
s tud ies , cu lmina t ing in the HERA p r o ­
posa l f o r a 3 0 GeV e lec t ron r ing p lus 
an 8 2 0 GeV s u p e r c o n d u c t i n g p r o t o n 
r ing , w i t h fou r exper imen ta l areas. A 
W o r k s h o p on e l e c t r o n - p r o t o n phy ­
s ics w a s held at W u p p e r t a l in O c t o ­
ber 1 9 8 1 , and in June last year Ple­
nary ECFA again cons ide red the p r o ­
posa l , in the c o n t e x t o f a r ev i ew o f 
w o r l d - w i d e plans f o r acce le ra to rs , 
and c o n f i r m e d its s t r o n g s u p p o r t f o r 
HERA. 

Recent ly , the M in is te r o f Sc ience 
and T e c h n o l o g y o f the Federal Re­
publ ic o f Ge rmany has t a k e n a dec i ­
s ion in pr incip le t ha t HERA shou ld g o 
ahead p r o v i d e d cer ta in c o n d i t i o n s 
are m e t , inc luding a requ i remen t t ha t 
a share o f the c o n s t r u c t i o n is bo rne 

by o the r coun t r ies . Th is is ve ry w e l ­
c o m e n e w s and w e m u s t encou rage 
our coun t r i es t o jo in th is f i r s t - ra te 
en te rp r i se wh i le main ta in ing the i r 
c o m m i t m e n t t o CERN 

In t o d a y ' s e c o n o m i c c l ima te , less 
c l emen t than in ECFA 's ear ly yea rs , 
t he s u p p o r t f o r f undamen ta l re­
search l ike h igh energy phys i cs is 
under g reat p ressure in m a n y 
coun t r i es and has dec l ined in p r o p o r ­
t i on t o nat iona l w e a l t h , rather t han 
m o v i n g in paral lel . But the h igh c o s t 
o f h igh energy phys ics e x p e r i m e n t s 
m a k e s long per iods o f ' m a r k i n g 
t i m e ' d i f f icu l t t o jus t i f y . P rog ress , as 
recent even t s at CERN clear ly de ­
m o n s t r a t e , d e m a n d s be t te r exper ­
imenta l e q u i p m e n t t o use w i t h ex is t ­
ing mach ines , and n e w acce le ra to rs 
t o b r ing n e w p h e n o m e n a w i t h i n 
range. Balance b e t w e e n i n v e s t m e n t 
and exp lo i t a t i on , c o n s t r u c t i o n and 
research b e c o m e s precar ious and 
one o f ECFA 's main t a s k s is t o s t a n d 

w a t c h ove r th is ba lance in Europe. 
LEP w a s a p p r o v e d as par t o f the 

CERN p r o g r a m m e under a c o n s t a n t 
annual budge t . Part o f th is ' p a c k a g e ' 
f o r e s a w c losure o f the ISR w h i c h 
a l t hough o v e r s h a d o w e d by the d r a ­
ma t i c d i scove r ies at the SPS p r o t o n -
a n t i p r o t o n col l ider sti l l has a un ique 
p r o g r a m m e . Its sc ient i f ica l ly p r e m a ­
tu re c losure wi l l be a sad c o n s e ­
quence o f t o d a y ' s e c o n o m i c c o n ­
s t ra in ts . T h e CERN mater ia ls b u d g e t 
(wh i ch has n o t been held c o n s t a n t in 
real t e rms ) is n o w under great s t ra in . 
M a n p o w e r is a lso a ser ious l im i ta ­
t i o n , and the recent dec is ion o f CERN 
Counci l t o a l l ow s o m e rec ru i tmen t t o 
rep lace depa r t i ng s ta f f is ve ry w e l ­
c o m e . T h e squeeze w h i c h LEP c o n ­
s t r uc t i on is pu t t i ng on the con t inu ing 
research p r o g r a m m e at CERN is sev -

ECFA father-figure Edoardo Amaldi whose 
influential report in 1963 paved the way 
for the future development of the European 
accelerator scene. 
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ere. Its e f fec ts are be ing ampl i f ied by 
the very health and v igour o f the 
research, w i t h several excel lent p ro ­
posa ls fo r SPS f i xed ta rge t exper i ­
men t s and i m p r o v e m e n t s t o the p ro -
t on -an t i p ro ton col l ider ope ra t i on v y ­
ing f o r suppor t . LEAR is ano ther n o v ­
el appl icat ion o f CERN's acce lera tor 
ingenui ty br ing ing a l ively n e w c o m ­
mun i t y of users t o CERN. T o m a t c h 
avai lable resources , m o r e very d i f f i ­
cul t dec is ions wi l l have t o be 
made . 

A l s o , s ince more o f CERN's re­
sources are needed f o r the acce lera­

t o r s , the CERN con t r ibu t ion t o the 
LEP exper imen ts wi l l be less than a 
th i rd o f tha t typ ica l f o r the ISR and 
SPS exper imen ts . A greater share o f 
the s u p p o r t fo r exper imen ts wi l l fall 
on the h o m e ins t i tu t ions. In s o m e 
w a y s th is should be w e l c o m e d , 
s ince there has been a t endency t o 
overcentra l ize de tec to r deve lop ­
m e n t and cons t ruc t i on at CERN. It 
does h o w e v e r put greater emphas is 
on the need fo r adequate technica l 
and f inancial suppor t in the un ivers i ­
t ies and research ins t i tu tes o f the 
M e m b e r S ta tes . ECFA wi l l r ev iew 

th is as par t o f the 1 9 8 4 survey . 
Other current act iv i t ies o f ECFA 

range f r o m the use o f c o m p u t e r s and 
n e t w o r k s t o the acce lera tors o f the 
far fu tu re . A series of W o r k i n g 
Groups have been def in ing s tan ­
dards f o r a w i d e range of s o f t w a r e 
and ha rdware used in data analys is 
and da ta acqu is i t ion . Copies o f re­
po r t s can be ob ta ined f r o m the lead­
er o f the W o r k i n g Groups , Egil Lille-
s to l at Bergen , or f r o m Peggy Rim-
mer at CERN. A n o t h e r aspec t o f th is 
ac t iv i ty is a s tudy a imed at l inking the 
European high energy phys ics 
g roups in a c o m m u n i c a t i o n s net­
w o r k , HEP-NET. This Group has a 
par t ic ipant f r o m each M e m b e r State ; 
ag reemen t has been reached on a 
number o f t asks and w o r k has 
s ta r ted on a f i le- t ransfer p ro toco l 
conve rs ion w h i c h w o u l d a l l ow file-
t rans fe rs b e t w e e n CERNET and the 
I tal ian, Scandinav ian and UK sys­
t e m s . ( In fo rmat ion can be obta inec 
f r o m M ike Sendal l at CERN.) 

For the fu tu re , an energy range 
t h o u g h t no t long ago t o be a fea ture 
less deser t is b l oom ing w i t h all man 
ner o f exo t ic spec ies and the theore 
t ic ians bemuse us w i t h ta les o f grea 
d iscover ies t o be made b e y o n d the 
T e V hor i zon , w h e r e clues t o a super 
uni f icat ion o f the basic f o rces o 
Nature m igh t be f o u n d . Even w i t h o u 
these t e m p t a t i o n s , exper imenter* 
have t o go and see. W i t h 10 T m a g 
ne ts , a 10 T e V per beam p r o t o n 
an t i p ro ton col l ider is an attractiv< 
l ong - te rm poss ib i l i ty fo r the LEP tun 
nel af ter the e lec t ron -pos i t ron pro 
g r a m m e . A ' D e s e r t r o n ' , a larger rin< 
in the A m e r i c a n deser t , m igh t g< 
s o m e w h a t higher but it is hard t< 
c o n t e m p l a t e the size and cos t o f 
p r o t o n machine o f s igni f icant ! 
greater energy , and equal ly diff icul 
t o bel ieve tha t mo re than 1 Te^ 
cou ld be reached in an e lec t ron -pos 
t r on col l ider. . . unless a n e w w a y i 
f o u n d w h i c h increases the accelerai 

Constitution of ECFA 
The members of Plenary 
ECFA, which normally meets 
twice a year, are chosen by 
the thirteen Member States 
of CERN and include a dele­
gation from CERN itself. The 
meetings of Plenary ECFA 
are open and are also at­
tended by observers from 
the European Science Foun­
dation, the European Physical 
Society and two non-Member 
States: Israel and Finland. 

On a smaller body, 'Re­
stricted ECFA', one physicist 
represents each of the Mem­
ber States and one repre­
sents the CERN physicists. 
It meets more frequently to 
discuss the affairs of high 
energy physics, to advise the 
Chairman on the work of 
ECFA and to prepare for the 
Plenary meetings. The Direc­
tor General of CERN and the 
Director of DESY are ex-offi-
cio members of Restricted 
ECFA. Recently, Restricted 
ECFA has held more of its 
meetings in the Member 
States and has preceded 

them with a discussion meet­
ing with members of the local 
high energy physics commu­
nity. 

The Chairman is elected 
by Plenary ECFA for a three 
year term, not normally re­
newable. Through the Chair­
man, ECFA has a voice on 
the CERN Council; he is an 
ex-officio member of the 
CERN Scientific Policy Com­
mittee (SPC) and Committee 
of Council, attends meetings 
of the Finance Committee, 
and advises the Director Gen­
eral. The Chairman has also 
been invited to attend meet­
ings of the DESY Extended 
Scientific Council. 

Since its formation by the 
IUPAP Commission for Parti­
cles and Fields in 1976, the 
International Committee for 
Future Accelerators (ICFA) 
has had three West European 
members: the CERN Director 
General, the Chairman of the 
CERN SPC and the Chairman 
of ECFA. 
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Around the Laboratories 

The final superconducting quadrupole is 
eased into position for the new Fermilab 
Saver/Doubler ring, which threads its 
way through the supports of the Main Ring's 
conventional magnets. 

(Photo Fermilab) 

ing g rad ien ts f r o m the p resen t 
1 0 M V / m or so ( 1 0 0 M V / m has 
been d e m o n s t r a t e d ) up t o 1 t o 
10 G e V / m . Th is w a s the main t op i c 
o f the ECFA-Ruther fo rd mee t i ng held 
last S e p t e m b e r in O x f o r d (see De­
c e m b e r 1 9 8 2 issue, page 4 0 5 ) . Inge­
n ious ideas w e r e d e s c r i b e d , but f e w 
w e r e really n e w , and pract ica l de ­
monstrations o f feas ib i l i ty are far 
a w a y . A n d if the chal lenge o f reach­
ing such energ ies is f o r m i d a b l e , t ha t 
o f de l iver ing the p o w e r t o a t ta in de ­
sirable luminos i t ies s e e m s greater . 

The p roceed ings o f t he mee t i ng 
are n o w avai lable f r o m Ruther fo rd 
A p p l e t o n Labo ra to ry or CERN, and 
ECFA inv i ted European sc ien t i s ts 
w h o are w o r k i n g in the f i e ld , o r w h o 
are in te res ted in s ta r t i ng , t o a sho r t 
mee t i ng at Tr ies te on 1 June f o l l o w ­
ing the ' W o r k s h o p on Laser and Co l ­
lect ive A c c e l e r a t o r s ' , w h i c h the In­
te rna t iona l Centre fo r Theore t i ca l 
Phys ics organ ized on 3 1 M a y and 
1 June . If w e , or , ra ther , our ch i ld ren , 
are t o look b e y o n d the severa l T e V 
hor izon s o m e e f fo r t m u s t be pu t in to 

| h i s r esea rch ; w e m u s t encou rage 
Tnore sc ien t is ts t o b e c o m e invo l ved 
in th is ve ry chal lenging phys i cs and 
bui ld co l labora t ions w i t h o the r areas 
o f research such as p lasma and high 
p o w e r laser phys ics . W e m u s t a lso 
a t t rac t and t ra in y o u n g phys i c i s t s 
w h o wi l l take ove r f r o m the p resen t 
age ing popu la t ion o f expe r t s . A n e w 
in i t ia t ive, w h i c h ECFA is s t r ong l y 
s u p p o r t i n g , is the p roposa l by CERN 
t o es tab l ish a Schoo l in acce le ra to r 
phys i cs . The idea is t o g ive th is a 
Eu ropean-w ide f r a m e w o r k , w i t h 
cou rses at CERN and o the r L a b o ­
ra tor ies , and t o p rov ide lecturers f o r 
un ivers i t ies . A smal l g r o u p , led by 
Kjell J o h n s e n , is n o w d r a w i n g up 
p lans f o r th is n e w v e n t u r e , w h i c h 
shou ld help t o p roduce the phys i c i s t s 
t o dev ise and bui ld the real ly h igh 
ene rgy acce le ra to rs o f the fu tu re . 

FERMILAB 
Last Saver/Doubler 
magnet installed 
and first tests 

On 18 M a r c h , a supe rconduc t i ng 
quad rupo le w a s instal led at pos i t i on 
A - 4 9 in t he Fermi lab Ma in Ring t u n ­
nel t o c o m p l e t e the magne t insta l la­
t i on f o r the n e w Energy S a v e r / 
Doub ler r ing w h i c h th reads t h r o u g h 
the s u p p o r t s o f the conven t i ona l 
m a g n e t s o f the ex is t ing Ma in Ring. 
T h e S a v e r / D o u b l e r r ing n o w has 
7 7 4 d ipo les and 2 1 6 quad rupo les 
and wi l l eventua l ly have 2 0 4 con t ro l 
s p o o l p ieces . 

Subsequen t r e c o m m i s s i o n i n g o f 
the Ma in Ring and S a v e r / D o u b l e r 
t e s t s w e n t w e l l . On 16 A p r i l , Sec to r s 
E and F o f the Saver (one- th i rd o f the 

ring) w e r e p o w e r e d t o 2 2 0 0 A , equ i ­
va len t t o 5 0 0 GeV. The nex t day , the 
Ma in Ring w a s in ac t ion f o r the f i rs t 
t i m e in near ly a year . Beam w a s t a k ­
en t o 1 5 0 GeV , the in ject ion energy 
f o r the Saver . 

On 2 2 A p r i l , b e a m w a s in jec ted 
f r o m the Ma in Ring in to the Saver at 
the E0 s t ra igh t sec t i on . By the f o l ­
l o w i n g d a y , a l o w in tens i ty b e a m had 
been t r a n s p o r t e d one- th i rd o f the 
w a y round the r ing t o a t e m p o r a r y 
b e a m d u m p . Fine tun ing in b o t h r ings 
wi l l con t i nue , bu t the nex t ma jo r m i ­
les tone wi l l be c o m p l e t i o n o f Saver 
insta l la t ion so tha t ful l t u rns can be 
a t t e m p t e d . 

In th is one - th i rd r ing exerc ise , no 
quench p r o b l e m s w e r e e n c o u n t e r e d . 
The f ie lds and a l i gnmen ts o f the s u ­
p e r c o n d u c t i n g m a g n e t s requ i red lit­
t le c o r r e c t i o n . The n e w b e a m p o s i ­
t i on and loss m o n i t o r i n g s y s t e m s 
w e r e t e s t e d f o r the f i rs t t ime and 
w o r k e d beaut i fu l ly . 
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Comparison of proton-antiproton (top) and 
proton-proton (bottom) total cross-sections 
at different collision energies (lower 
horizontal axis). The points on the right 
with large errors are the new results from 
the SPS proton-antiproton collider, showing 
that the total cross-section countinues to 
rise, and extrapolates well with what is 
seen at lower energies. The round data 
points, centre, come from the Intersecting 
Storage Rings. 

CERN 
Hadron horizons 

A n article in the M a y issue (page 136) 
descr ibed s o m e o f the n e w hadron 
scat ter ing resul ts w h i c h indicate tha t 
at high energies there m igh t be an 
universal under ly ing behav iour , inde­
pendent o f the quark c o m p o s i t i o n o f 
the col l id ing par t ic les. 

Jus t over ten years ago , c o n t r o ­
versy raged about the general t rend 
o f hadron behaviour at higher ener­
g ies. The dus t on ly se t t led w h e n the 
f i rs t results appeared f r o m the CERN 
Intersect ing Storage Rings. 

T o d a y there is less con t r ove rsy , 
but the top ic has been g iven a n e w 
lease of life by the abi l i ty t o compa re 
p ro ton -p ro ton and p ro ton -an t i p ro ­
t o n behaviour under simi lar c o n ­
d i t ions at the ISR, and by the n e w 
energy range opened up at the SPS 
p ro ton -an t i p ro ton col l ider. 

To ta l and elast ic c ross -sec t ions 
are impor tan t measu remen ts o f in-
te r -hadron af f in i ty. The to ta l c ross -
sect ion indicates h o w react ive the 
part icular part ic les are, wh i le the 
elastic c ross-sec t ion descr ibes h o w 
the scat te red part ic les s imp ly 
' b o u n c e ' o f f each o ther , w i t h o u t 
changing their relat ive c o m p o s i t i o n . 
A sys temat ic compar i son o f these 
t w o impor tan t parameters o f hadron 
behaviour p rov ides s igni f icant clues 
about the under ly ing in teract ion me ­
chan isms. Compar i son o f part ic le-
part ic le (p ro ton-p ro ton) and part ic le-
ant ipart ic le (p ro ton-an t ip ro ton) re­
sul ts is also reveal ing. 

Over the years , the behav iour o f 
the p r o t o n - p r o t o n elast ic and to ta l 
c ross-sec t ions has been measured 
w i t h precis ion at the ISR. N e w s tu ­
dies we re m o u n t e d t o prof i t f r o m the 
availabi l i ty f r o m 1 9 8 1 o f p ro ton -an t i ­
p ro ton col l is ions (see June 1 9 8 1 is­
sue, page 196) . 

For elast ic scat ter ing and to ta l 
c ross -sec t ion measu remen ts , these 
inc luded a CERN / Naples / Pisa / 
S tony Brook group measur ing to ta l 
c ross -sec t ions by the obse rved 
react ion rate, a Louvain / N o r t h w e s ­
te rn t e a m using the t ime-honoured 
' R o m a n Po t ' technique o f movab le 
de tec to rs t o p robe the ex t reme fo r ­
w a r d scat ter ing cones , and an A m e s 
/ Bo logna / CERN / D o r t m u n d / Hei­
de lberg / W a r s a w t e a m w o r k i n g at 
the Split Field Magnet . 

These resul ts , w h e n taken t o g e t h ­
er, n o w give a g o o d compar i son o f 
p r o t o n - p r o t o n and p ro ton -an t i p ro ­
t o n scat ter ing over the avai lable k i ­
nemat ic range. 

Broadly speak ing , the elastic and 
to ta l c ross-sec t ions in the t w o cases 
appear t o converge as the col l is ion 
energy is increased. The shape of the 
elast ic scat ter ing spec t rum is c o n ­
vent ional ly descr ibed by a decreas­
ing exponent ia l , the exponen t being 

re lated t o the ef fect ive ' s i ze ' o f th 
col l id ing part ic les. 

For bo th p r o t o n - p r o t o n and pre 
t on -an t i p ro ton sca t te r ing , there a\ 
pears t o be a sl ight increase in th 
exponent ia l fa l lof f at smal ler m o m e i 
turn t ransfer . A t l ower energ ies, th 
fa l lof f is also sharper in the proto i 
an t ip ro ton case, h o w e v e r the diffe 
ence d isappears as the col l is ion e 
ergy is increased. 

Overal l , the obse rved behav io 
seems t o be wel l descr ibed by t l 
convent iona l mode l o f ' R e g g e ' e 
changes , w i t h o u t recourse t o ne 
ideas, such as ' o d d e r o n s ' . 

W h e n the ISR came into operate 
jus t over ten years ago , the obse rv 
rise o f the p r o t o n - p r o t o n to ta l cros 
sec t ion w a s someth ing o f a s u r p m 
Unti l t h e n , it had been w ide l y t 
l ieved tha t part ic le in teract ion rat 
w e r e levell ing of f at prev ious ly avi 
able energies in preparat ion f o r 
a s y m p t o t i c l imit. But the ISR s h o w 
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Preliminary proton-antiproton elastic 
scattering spectrum as measured by the 
UA4 experiment at the CERN SPS 
proton-antiproton collider. The observed 
exponential decrease is sharper for small 
momentum transfers (between 0 and 
0.2 GeV2), and then becomes less steep. 
At about 0.8 GeV2, there appears to be a 
'shoulder', reminiscent of what is seen at 
lower energies in the Intersecting Storage 
Rings. 

'shoulder' in the elastic scattering 
spectrum. This looks like the vestige 
of one of the early discoveries at the 
ISR — a dip in the proton-proton 
scattering spectra, strongly reminis­
cent of optical diffraction. 

However, even under ISR con­
ditions its position moves with ener­
gy and the dip itself becomes less 
pronounced. This is underlined by 
the SPS proton-antiproton results, 
which show that the shoulder has 

that asymptopia was still a long way 
off. 

Wi th the advent of the SPS proton-
antiproton collider, another new en­
ergy range opened up. Proton-anti­
proton cross-section information 
comes f rom the mighty UA1 exper­
iment (which measures as many 
things as it can) and f rom the special 
UA4 study (Amsterdam / CERN / 
Genoa / Naples / Pisa, see Septem­
ber 1982 issue, page 271). 

Results show that the proton-anti­
proton total cross-section continues 
to rise, reaching about 65-70 milli-
barns, broadly in line wi th extrapola­
tions f rom lower (ISR) energies. This 
seems to indicate that the cross-sec­
tion grows as fast as allowed by the 
general principles of the theory. 

Both experiments now report a re­
latively sharp exponential decrease 
(exponent about 17) for small mo­
mentum transfers (between 0 and 
0.2 GeV 2 ) . A t larger momentum 
transfers the exponent falls to about 
13.5. It is not yet evident whether 
there is an abrupt change between 
these t w o regions of behaviour, or 
whether there is an identifiable trans­
ition region. 

A t larger momentum transfers 
(about 0.8 GeV 2) there is a definite 

Comparison of proton-proton and 
oroton-antiproton elastic scattering at the 
Intersecting Storage Rings by an Ames / 
Bologna / CERN / Dortmund / Heidelberg / 
Warsaw collaboration. 
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shi f ted cons iderab ly f r o m its ISR 
pos i t ion . 

Several theoret ica l mode ls at­
t e m p t to descr ibe these resul ts . A s 
we l l as an ef fect ive size, the p r o t o n 
(and ant ipro ton) has an ' o p a c i t y ' . 
Under labora tory cond i t i ons , the 
p ro ton is no t comp le te l y opaque 
( 'b lack ' ) t o an incoming b e a m , but is 
' g r e y ' and penetrab le . One o u t s t a n d ­
ing quest ion is w h e t h e r at inf ini te 
energy the p r o t o n w o u l d b e c o m e 
opaque , whe the r it w o u l d remain 
g rey , or whe the r it w o u l d b e c o m e 
t ransparent . Further s tud ies at the 
col l ider wi l l help p rov ide us w i t h the 
answer . 

A thing of beauty 
Af te r many fundamenta l con t r i bu ­
t ions in the early days o f part ic le phy­
s ics , the nuclear emuls ion techn ique 
had some ten years o f a lmos t to ta l 
neglect in phys ics at acce lera tors . 
The reason w a s no t so much its bas­
ic abil i t ies as the fac t tha t search ing 
fo r events in the emuls ion and their 
subsequent measu remen t w a s a 
p rocess o f m ind -bend ing t e d i u m . A 
revival came w i t h the need t o s tudy 
charm and beauty part ic les w h o s e 
l i fe t imes, t hough shor t , are sti l l o b ­
servable by de tec to rs able t o d is t in ­
guish even ts at the m ic ron level . Th is 
is exact ly the special feature o f nu ­
clear emuls ions — they can reso lve 
events in space t o d is tances o f a f e w 
mic rons or less. 

Happi ly th is abi l i ty can n o w be ex­
p lo i ted w i t h o u t the pain o f b y g o n e 
years . Other de tec to rs in assoc ia t ion 
w i t h the emuls ion can select and re­
cons t ruc t the event and indicate 
whe re t o look in the emu ls ion . M o r e 
mode rn mechan i sms in assoc ia t ion 
w i t h mic roe lec t ron ics can also a l low 
rapid scanning and precise measure­
men t of a w h o l e event recorded in 
the emuls ion . 

Units of the system developed at CERN 
which greatly increases the efficiency and 
speed of scanning and measuring nuclear 
emulsions for particle interactions. The 
introduction of a computer-aided digitized 
microscope (CADIM) has helped relaunch 
the emulsion technique, particularly in the 
study of very short lived particles. 

(Photo CERN 233.4.83) 

Al l these deve lopmen ts are 
b rough t toge ther in so-cal led ' hy ­
b r i d ' exper iments (such as the 
W A 7 1 and W A 7 5 stud ies at CERN) 
t o s tudy the p roduc t ion and the l ife­
t imes o f part ic les conta in ing the 
beauty quark. W A 7 1 uses the re­
v a m p e d Omega spec t rome te r , and 
is a CERN / Genova / Mi lan / M o s ­
c o w / Paris / Rome / Santander / 
Valenc ia co l laborat ion w i t h G. D iam-
brini-Palazzi as s p o k e s m a n . A 
3 5 0 GeV negat ive p ion beam gener­
a ted by p ro tons f r o m the SPS hits 
nuclear emuls ion ( t w o pell icles each 
0 .5 m m th ick s tacked perpendicular 
t o the beam). Si l icon de tec to r s , a 
t ime pro jec t ion chamber and mul t i -
w i r e p ropor t iona l chambers f o l l o w 
d o w n s t r e a m of the emuls ion in the 
magnet ic f ield of the Omega magne t . 
A beam h o d o s c o p e , a r ing imaging 
Cherenkov counter and a g a m m a de­
t ec to r comp le te the appara tus . 

The beauty search wi l l c o n c e n ­

t ra te on even ts whe re the number o 
t racks seen a f e w mi l l imetres d o w n 
s t ream exceeds the number o f t rack 
emerg ing f r o m the ver tex in th 
emuls ion, indicat ing the poss ib le de 
cay o f a cha rmed part ic le, w h i c h h 
self may result f r o m the p r o m p t de 
cay o f a beauty part ic le. 

The emuls ions are scanned unde 
a compu te r -a ided digi t ized micrc 
scope (CADIM) and can be m o v e d b 
intervals o f less than 1 jam in thre 
d imens ions via ref ined s tepp ing mc 
t o r s . Coord ina te digi t izers l inked 1 
the m ic roscope can record the pos 
t ion o f any po in t in the f ie ld o f vie 1 

w h e n accurate measuremen ts ai 
requi red. A much magni f ied image < 
the sl ice o f emuls ion in f ocus can t 
v isual ized on a large T V screen. 

Ana lys is p roceeds by the c o m p i 
er recons t ruc t ion o f the event f ro 
the d o w n s t r e a m in fo rmat ion indicc 
ing w h e r e t o look in the emuls ion ar 
also g iv ing a visual d isplay o f the pc 
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t e rn o f emerg ing t r a c k s , f o r e x a m p l e , 
at the ex i t plane o f the emu ls i on . It is 
t hus poss ib le t o scan rap id ly t o a ver ­
tex in the emu ls ion and t o f o l l o w the 
p r o d u c e d par t ic les ou t t o the ex i t 
p lane w h e r e the s u p e r i m p o s e d p re ­
d ic ted pa t te rn c o n f i r m s tha t the r ight 
even t is under i nves t iga t ion . Th is ra­
p id scan is qui te fasc ina t ing because , 

.as the pa ths o f par t ic les are t r aced 
f r o m their p roduc t i on t o w h e r e t hey 
leave the emu ls ion , there is a real 
impress ion o f f o l l o w i n g the even t in 
t ime as it actual ly h a p p e n e d . 

A d ispar i ty b e t w e e n the mul t ip l i c i ­
t y reco rded in the d o w n s t r e a m de ­
t e c t o r s and the mul t ip l ic i ty seen near 
the ve r tex is the t r igger f o r carefu l 
obse rva t i on and m e a s u r e m e n t o f the 
t r acks in the emu ls ion . W i t h i n f i ve 
m inu tes an exper ienced o p e r a t o r can 
ident i fy w h e t h e r an even t is t o be 
re ta ined . Because o f t h i s , it is f eas i ­
ble t o th ink o f l ook ing at ove r 5 0 0 0 0 
even ts in a year w i t h s o m e ten m e a s ­
ur ing s y s t e m s d i s t r i bu ted a m o n g s t 
the t e a m s in the co l l abo ra t i on . T h e s e 
i m p r o v e m e n t s in analys is t echn iques 
have p robab ly ga ined a t i m e f a c t o r o f 

(severa l t ens c o m p a r e d t o nuclear 
emu ls ion phys ics o f t w e n t y years 
ago . 

F. Bal, S. Ten t i ndo and G. Vande r -
haege in part icular w e r e i nvo l ved in 
the d e v e l o p m e n t o f the C A D I M at 
CERN. There w a s s o m e p ioneer ing 
w o r k severa l years a g o , but the re­
cen t d e v e l o p m e n t s w e r e t r i gge red 
by the spectacu lar a d v a n c e s by 
K. Nin and his co l leagues at Nagoya 
Un ivers i t y in J a p a n . Simi lar dev ices 
are n o w being buHt in m a n y European 
Univers i t ies . 

Decay of an upsilon prime by successive 
photon emissions, as seen in the Argus 
detector at the DESY DORIS II ring. The 
higher energy photon converted into an 
electron-positron pair, giving a good fix on 
the mass of the intermediate P-state 
upsilon. 

DESY 
Upsilons at 
DORIS II 
The high luminos i ty at the DORIS II 
e l ec t ron -pos i t r on r ing is be ing used 
at p resen t t o imp rove s ta t i s t i cs on 
decays o f the ups i lon pr ime m e s o n . 
Th is is a beau ty quark -an t iquark 
b o u n d s ta te w i t h no orb i ta l angular 
m o m e n t u m (S-wave) at 1 0 . 0 1 6 
GeV. Its decays are we l l su i ted f o r 
s t u d y by the Crysta l Ball s o d i u m i od ­
ide d e t e c t o r m o v e d in f r o m S tan ­
f o r d . 

One i m p o r t a n t search is f o r t w o 
consecu t i ve g a m m a rays leading 
t o the g r o u n d s ta te ups i lon at 
9 . 4 6 0 G e V , w h e n the in te rmed ia te 
s ta te is a P-wave ups i lon (carry ing 
one unit o f orb i ta l angular m o m e n ­
t u m ) . These s ta tes canno t be f o r m e d 
d i rec t ly in e lec t ron -pos i t ron col l i ­
s ions . In fac t the P-wave s ta te 

shou ld cons i s t o f th ree ne ighbour ing 
leve ls , separa ted by on ly abou t 
1 0 M e V . 

T o s t u d y these s ta tes , the energy 
o f the p h o t o n s m u s t be measu red 
w i t h h igh accuracy . Th is helps t o 
unde rs tand the f o r c e s at w o r k be­
t w e e n q u a r k s , in m u c h the same w a y 
tha t earl ier th is cen tu ry opt ica l spec ­
t ra p r o v i d e d valuable c lues t o a tom ic 
s t ruc tu re . 

In te rcep t ing these S-P-S ups i lon 
cascades is d i f f icu l t and on ly re la­
t i ve ly f e w have been repo r ted so far . 
First s igh t ings w e r e at the CUSB de­
t e c t o r us ing the CESR e lec t ron -pos i ­
t r o n r ing at Cornel l (see S e p t e m b e r 
1 9 8 2 issue, page 2 7 4 ) . H o w e v e r it is 
h o p e d tha t s ta t i s t i cs wi l l s o o n pe rm i t 
m e a s u r e m e n t s suf f ic ient ly accura te 
t o sa t i s fy at least s o m e t heo re t i ­
c ians. 

In the o the r in te rac t ion reg ion at 
DORIS II is the A r g u s de tec to r , 
equ ipped w i t h lead-sc int i l la tor s a n d -
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People and things 

w i c h counters w h o s e accuracy fo r 
determin ing p h o t o n energies is no t 
as g o o d as sod ium iod ide. H o w e v e r 
A r g u s incorpora tes a magnet i c spec­
t r ome te r cover ing large so l id angle. 
The energy o f p h o t o n s conver t i ng t o 
e le t ron-pos i t ron pairs in the beam 
pipe or the inner wa l l s o f the de tec to r 
can there fore be measured ve ry ac­
curately. For A r g u s , a single even t 
w i t h such a conve r ted p h o t o n is 
w o r t h several dozen s h o w e r coun te r 
even ts . 

T o avo id inaccuracies due t o ener­
gy loss of the e lec t rons or pos i t rons 
in the sol id mater ia l af ter the conver ­
s ion p rocess , it is made as th in as 
poss ib le . H o w e v e r th is also cu ts 
d o w n the number o f even ts — only 
about three per cent o f the p h o t o n s 
conver t into clearly measurab le elec­
t ron -pos i t ron pairs. 

The A r g u s t e a m w a s lucky and 
f o u n d such an S-P-S cascade event . 
It g ives the energy o f the in te rme­
diate P-state upsi lon as 9 . 8 8 7 GeV 
w i t h an error o f on ly 7 M e V . In th is 
event it w a s the higher energy pho ­
t o n (427 MeV) w h i c h c o n v e r t e d . 
N o w the hunt is on fo r an event w i t h 
convers ion o f one o f the l owe r ener­
gy pho tons ( 2 3 0 M e V ) . Th is cou ld 
improve the accuracy t o w i th in 
3 M e V . 

On people 

.,ai Ambassador to Switzerland Vladimir 
Lavrov (left) presents Sir John Adams with 
his diploma as Foreign Member of the USSR 
Academy of Sciences. 

At a ceremony held on 18 April at 
CERN, Vladimir Lavrov, Soviet Am­
bassador to Switzerland, presented 
a diploma of Foreign Member of 
the USSR Academy of Sciences 
to Sir John Adams. His election 
to the Academy was for 'outstand­
ing achievements and contributions 
to science and technology'. In his 
reply, Sir John said that it was an 
honour to himself, the profession 
of accelerator scientist, and to 
CERN. 

A special colloquium on 30 April 
at the Swiss Institute of Nuclear 
Research (SIN) marked the 80th 
birthday of Rolf Wideroe, acceler­
ator pioneer who has continued 
to be prominent since the very 
early days. He invented one of the 
first linac acceleration techniques, 
which bears his name. 

Following the 25th anniversary of 
the 'Particle Data Group' (see 
July/August 1982 issue, page 
237), Arthur H. Rosenfeld is to 
receive the Honorary Degree of 
Doctor of Science from Durham 
University, UK. Rosenfeld's work 
as leader of the Particle Data Grout 
from 1964-74 resulted in an inter­
national collaboration which is va­
lued throughout the particle and 
nuclear physics communities. A 
whole generation of physicists 
came to know the famous listings 
as ' The Rosenfeld Tables'. Since 
1975, compilation of particle phy­
sics scattering data has been coor­
dinated by a group at Durham in 
collaboration with the Particle Data 
Group. 

Recently Professor Rosenfeld 
has concentrated on energy mat­
ters and was responsible for the 
founding of the American Council 
for an Energy Efficient Economy. 

(Photo 145.4.83) 
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Louis Rosen Prize 

The Board of Directors of the 
LAMPF Users Group is establishing 
and supporting a new award, the 
Louis Rosen Prize. This prize, con­
sisting of $ 1000 and a certificate, 
is to be awarded annually for the 
outstanding PhD thesis based on 

tAMPF research. The judging will 
e done by the Board of Directors. 

Theses should be submitted to 
the Users Group Office at LAMPF 
by 31 August for consideration. 
To be eligible, a thesis must have 
been completed since the previous 
August. Announcement of the 
winner of the prize will be made 
at the annual Users Meeting in 
November. 

Dick Lundy (left) explains to US Energy 
Secretary Donald Hodel the construction 
of a Fermilab Energy Saver/Doubler magnet. 

(Photo Fermilab) 
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LEP construction work under way at CERN. 
The housing for the injector linacs takes 
shape near the 28 GeV proton synchrotron. 

(Photo CERN 185.4.83) 

Accelerator Summer School 

This year sees the third US Nation­
al Summer School on High Energy 
Particle Accelerators. It will be held 
at Brookhaven National Laboratory 
and the State University of New 
York at Stony Brook from 6-16 
July. The school aims to provide 
current knowledge and build up 
expertise in the area, to stimulate 
accelerator education in university 
physics, and to foster interaction 
between particle and accelerator 
physicists. Even at this late stage, 
interested persons are invited to 
contact the School Administrator, 
Paula Hughes, Accelerator Depart­
ment, Brookhaven National Labo­
ratory, Upton, New York 11973, 
USA. 
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RUTHERFORD APPLETON LABORATORY 

LB 

Five Year Fellowship in 
High-Energy and Nuclear Physics 

LAWRENCE BERKELEY LABORATORY'S Nuclear Science 
Division has a posit ion open as Divisional Fellow for a per­
son w i th outstanding promise and creative abil ity, and wi th 
an interest in experimental physics pertinent t o high energy, 
nucleus-nucleus coll isions. Experimental programs in this 
area are presently being carried out at LBL's Bevalac, 
CERN's ISR and SPS; in addi t ion, LBL is currently develop­
ing plans for a new heavy ion facil i ty. Candidates w i th a 
background in either nuclear or high-energy physics are 
we lcome. The appointment wil l be for a term of f ive years 
w i th the intention of promot ion to a senior staff posi t ion. 

Appl icants are requested to submit a curriculum vitae , list 
of publ icat ions, s tatement of research interest, and the 
names of three referees t o : 

Howel G. Pugh 
Nuclear Science Division 

Mail Stop 70A/3317 
Lawrence Berkeley Laboratory 

Berkeley, CA. 94720 
as early as possible, and before the closing date of 
September 3 0 , 1983. LAWRENCE BERKELEY LABORA­
TORY is an equal oppor tuni ty /af f i rmat ive action employer. 

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 

HIGH ENERGY PHYSICS 
RESEARCH ASSOCIATES 

There are vacanc ies fo r Research Assoc ia tes t o 
w o r k w i t h exper imenta l g roups in high energy phy ­
s ics. Groups f r o m the Ruther ford A p p l e t o n Labora ­
t o r y are w o r k i n g on expe r imen ts at CERN, DESY and 
S L A C . 

Candidates shou ld normal ly be less than 2 8 years 
o ld . A p p o i n t m e n t s are made fo r 3 years , w i t h p o s ­
sible ex tens ions o f up t o 2 years . RAs are based 
either at the acce lera tor labora tory whe re their ex­
per iment is c o n d u c t e d , or at RAL depend ing on the 
requ i rements o f the exper iment . W e have in add i ­
t ion home-based p r o g r a m m e s on d e v e l o p m e n t o f 
de tec to r s , m i c r o p r o c e s s o r s y s t e m s , e tc . M o s t ex­
per iments include UK univers i ty personnel w i t h 
w h o m part icular ly c lose co l labora t ions are ma in ­
ta ined. 

Please wr i t e f o r an app l ica t ion f o r m quo t ing V N 0 4 5 
t o 

Recrui tment Off ice, R20, 
Rutherford Apple ton Laboratory, 
Chi l ton, Didcot, Oxfordshire 0 X 1 1 OQX, 
ENGLAND. 

POSTDOCTORAL OPPORTUNITIES IN 
EXPERIMENTAL 

NUCLEAR PHYSICS 
The experimental nuclear physics group of the Los Alamos 

National Laboratory has postdoctoral opportunities available in 
programs of current interest to the Laboratory's Physics Divis­
ion. Basic research programs include heavy-ion collisions at low, 
medium and very high incident energies, low energy antipro-
ton-nucleus collisions, neutrino mass and oscillation measure­
ments, medium energy proton and pion scattering, neutron 
physics, very low energy reactions of astro physical and fusion 
reactor interest, kaon-nucleus physics, and high pressure equa-
tion-of-state experiments. These positions offer an excellent op­
portunity for communication with our large theoretical physics 
divisions and our unsurpassed computer facilities offer superb 
research opportunities. 

The Los Alamos National Laboratory is operated by the 
University of California for the Department of Energy. Our loca­
tion in the mountains of northern New Mexico offers a pleasant 
life-style, a pollution free environment and ample recreational 
activities. Postdoctoral appointments are for one year and may 
be renewable for a second year. We provide competitive salaries 
and fringe benefits, which includes 24 days annual vacation. 
Candidates no more than three years past their Ph.D are invited 
to apply. 

To apply, please send resume in confidence, by Sept. 1,1983 to: 
Jane Roberson, Associate Group Leader 
Personnel Administration Division, DIV 83-L 
Los Alamos National Laboratory 
Los Alamos, NM 87545 

University of California 

An Affirmative Action/Equal Opportunity Employer: Women, 
Minorities, Handicapped and Veterans are Urged to Apply. 

Space 
(page) 

Actual size (mm) 
wid th by height 

Cost per insertion (Swiss Francs) 
Space 
(page) 

Actual size (mm) 
wid th by height 1 

insertion 
3 

insertions 
5 

insertions 
10 

insertioi 

7 i 
1 / 2 

7 4 

1 8 5 x 2 6 5 
1 8 5 x 1 3 0 

9 0 x 2 6 5 
9 0 x 1 3 0 

1550 

8 5 0 

4 8 0 

1500 

820 

4 5 0 

1450 

800 

430 

1350 

75C 

41C 

Advertisements in CERN COURIER 
Format A 4 Month ly publ icat ion 
All advertisements are published in both English and French 
editions. Second language versions accepted without extra 
charge. 

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 

1 8 5 0 S w F 
2 4 5 0 SwF 
1 st of month of cover date: 

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

Screen (offset) 60 or 54 Swiss (1 50 English) 
Advertisements cancelled after 1 st 
of month preceding cover date wil l 
be invoiced. 

Advertising space is limited to 5 0 % of contents and insertions 
are selected on a strict f irst-come first-served basis. 
These rates are effective for the year 1982. 

All enquiries to : 
Michel ine FALCIOLA / CERN COURIER -
CH-1211 Geneva 23 Swi tzer land 
Tel. (022) 83 41 03 Telex 2 36 98 

CERN 
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A leading manufacturer of advanced data a c q u i s i t i o n systems 

TRANSIAC, a major supp l i e r of high-energy and fus ion physics research equip­
ment i s now represented i n Swi tzer land by SEN E lec t ron ique , which i s proud t o 
present these l a t e s t s t a t e - o f - t h e - a r t products : 

TR1024 Budget Priced 
High Resolution 
Multilayer 
Graphics Terminal 

* Extra sharp 1024 x 780 p ixe l CRT 
d isp lay 

* Faster graphics drawing at 1 microse 
per p ixe l 

Over laying of m u l t i p l e image or buf 
f e r menus and graphics w i th m u l t i p l 
memory planes 

Terminal i n s t r u c t i o n set conformin 
e n t i r e l y t o t h a t of Tektronix® 401 
Series at a f r a c t i o n of the cost 

U t i l i z a t i o n of P l o t - 1 0 ® , ISSCO® 
DI-3000"R programs, exac t l y as yo 
use them now 

Take advantage of TRANSIAC's propr ie 
t a r y hardware enhancements to use th 
NEC 7220 Graphics C o n t r o l l e r Chip 
p rov id ing ho r i zon ta l s c r o l l i n g , ver 
t i c a l s c r o l l i n g , zoom, e t c . 

ANSI Standard X3.64 VT100 
b i l i t y soon ava i l ab l e 

Optional CAMAC packaging 

compati 

These are several o ther of TRANSIAC's f i n e products : 

2001 - 100MHz 8 - b i t Trans ient Recorder 
2008 - 25MHz 8 - b i t Single Board T r a n s i ­

ent Recorder 
2010 - 20MHz 10 -b i t Trans ient Recorder 
2012 - 5MHz 12 -b i t Trans ient Recorder 
2108 - 20MHz Signal Averager 

3016 - 16-channel 16 -b i t DAC 
6001 - Microprocessor Crate C o n t r o l l e r 
7001 - Semi-autonomous Data Acqu i s i t i on 

C o n t r o l l e r and D i g i t i z e r 
7004 - 32-channel Fast Gated I n t e g r a t o r 
TRAQ I Data A c q u i s i t i o n System 

SEN ELECTRONICS S.A. 
Avenue Ernest-Pictet 3 1 ; Tel . (022) 4 4 29 4 0 
OFFICES THROUGHOUT THE WORLD 

Tlx 23 3 5 9 c h - C H - 1 2 1 1 GENEVE 13 







SYS68K VME Boards 
S o f t w a r e Hardware 

• Monitor* 
• EDITOR/ASSEMBLER* 
• BASIC/lnterpreter* 

"ROM/EPROM-Resident 

• C P U - 1 
• D R A M - 1 (512kB) 
• M O T H - 0 9 

(9 slots motherboard) 
• SIO 

(6XRS 232C, 1 Modem) 
• FWC 

(Floppy/Winch. Contr.) d 
• Graphics ® 

© May 83 
© A u g 83 
© Oct 83 

System 68000 VME 
CPU-Board 

68000 CPU 
ROM/EPROM 
RAM 
Serial I/O 
Baud rate 
Parallel I/O 

Timer 
VME Bus compatible 
Double Eurocard 
Realtime Clock 
(Battery back up) 
Monitor included 

8MHz 
128kB max. 
512kB max. 

3 X R S 232C 
38400 Bd. max. 

Centronics compatible 
up to 16 bi-direct. lines 

1X24 bit 
yes 
yes 
yes 

yes 

W.Moor AG FORCE COMPUTERS GmbH 
THE INTELLIGENT CHOICE Number l uP second source 

Bahnhofstrasse 58 
CH-8105 Regensdorf/Zurich 
Telefon 01 840 66 44 
Telex 52 042 moor ch 
Telefax 01 840 0619 

4, route de Preverenges 
CH-1026 Denges 
Telephone 021 71 09 01 
Telex 458 237 temor ch 
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Ohara 
Scintillation 
Glass, 
Type SCG-1 
Five times the light output of lead 
glass...and a reasonable cost. 
Our new SCG-1 scintillation glass has a per volume cost 
roughly 50% higher than SF5 lead glass, but less than 10% 
of the cost of sodium iodide. Resistance to radiation dam­
age is 100 times better than lead glass. 

SCG-1 Characteristics: 
Radiation Length (cm) 4.35 
Refractive Index (nd) 1.603 
Density (g/cm3) 3.36 
Linear Coefficient of 
Thermal Expansion (100-300°C) 

(10- 7 /°C) 108 
Stimulation Wavelength (nm) 375 
Fluorescent Wavelength (nm) 429 
Fluorescent Life Time (n. sec) 80 
Light Output 5.0 times as high as SF5 
SCG-1 must be protected from strong ultraviolet light, like 
sunlight and mercury lights. 
Finely polished pieces ready for use in counters are made 
to your size and shape specifications including square, 
rectangular, hexagon, and disc shape. 
Please contact us for further information and a proposal. 

OHARA OPTICAL GLASS, INC. 
10 Shawnee Drive • Watchung, New Jersey 07060 • U.S.A. 

(201) 753-0120 T E L E X : 219995 OHRA UR or 833348 
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ISOLATION AMPLIFIER 
High Precision 
Transformer Coupled 
MODEL AIH-3656 
• 3500 V— Isolation 
• Isolated Internal Input-

Section Power Supply 
• 180 dB (TYR) Rejection at DC 
• 130 dB (TYR) 125 dB min. 

Rejection at 50 Hz 
• Low Noise 
• Low Input Bias Current,75nA max. 
• High Linearity and Gain Stability 
• Reliable IC Based Technology 
• Adaptable to BB 3656 Sockets 

® 
Bourns (Schweiz) AG 
Tel. 042 / 33 33 33 

6340 Baar 
Telex 868 722 

P0LIVAR S.p.A. 
Via Naro , 7 2 P.O. Box 111 
00040-POMEZIA (Roma) 
Te le fono 0 6 / 9 1 2 1 0 6 1 Te lex 6 1 1 2 2 7 P L V I 

Product line 
Cast acryl ic shee ts , ba rs , b l o c k s , sc in t i l la tors , 
l ight gu ides 

Ulrich matter AG 
Technique electrique de mesure et de regulation 
5610 Wohlen Telefon 057. 22 72 55 Telex 54 579 

GOSSEN LUXMETRES 
Plusieurs modeles, tous avec correction 
de sensibilite spectrale et d' incidence 

PANLUX electronic 

MAVOLUX electronic 

A bas prix: 
FLORASIX avec 
gamme 0-3000 Ix 
SIXTOLUX avec 
2 gammes 
3000/60 000 Ix 

Standard: 
PANLUX electronic 
avec 12 gammes entre 
20 et 120 000 Ix 

De luxe: 
MAVOLUX electronic 
avec 16 gammes 
entre 1 et 60 000 Ix 
et avec sortie analogue 
pour enregistreur 
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Spellman's High Power resonant inverter outperforms units 9 times its size 

RHP 3KW Series 
• flexibility for the Laboratory 
• Voltage Ranges From 3KV to 200KV. 
* Automatic Crossover for Current or Voltage Regulation. 
* Fully Programmable 

H i e m o s t i m p o r t a n t b r e a k t h r o u g h 
i n H igh Vol tage P o w e r Supp ly 
t e c h n o l o g y i n m o r e t h a n 2 0 y e a r s 

Spellman's new series resonant inverter produces pure 
sinusoidal current to generate high voltage power without 
the disadvantages inherent in conventional technologies... 
eliminating line frequency magnetic components.. .elim­
inating vacuum tubes.. .eliminating oil. This high frequency 
approach reduces size and weight while the sinusoidal 
shape of the current waveform eliminates electromagnetic 
interference and provides failsafe current limiting and 
short circuit protection. Low stored energy and 50 KHz 
ripple frequency contribute to the unit's indestructibility under 
vacuum arcing. 

Other App l i ca t ions 
• K l ys t ron a n d T W T Supp l i es • E-Beam Sys tems 
• Capac i to r Chargers 

Features 
• Extremely Compac t Des ign • 0 . 0 1 % Voltage Regulat ion 
• 0.02% RMS Ripp le • H igh F requency Opera t ion 

Options 
• Remote Vol tage P r o g r a m m i n g • W i d e Range o f Add i t i ona l 
Op t i ons • IEEE B u s Inter face • Vol tage a n d Cur ren t Test Po in ts SpeHman 
High Voltage Electronics Corp 
7 Fairchild Avenue, Plainview, New York 11803 (516) 349-8686 TWX: 510-221-2155 
Engineering opportunities available. Write to personnel department. 
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RESOLVEZ VPS PROBLEMES DE NEUTRONS 
GET YOUR NEUTRON PROBLEMS SOLVED OUT 

AVEC 
WITH c 

R 
A 

coun te r He 
c o m p t e u r a 3 H e 

rel iable 
robuste 

a u t o n o m y : 3 0 hours w i t h 12 V Ni-Cd accumu la to r 

a u t o n o m i c : 30 heures sur accumula teur Cd-Ni 12 V 

A 
L 

microprocessor 
microprocesseur 

a u t o m a t i c reading 
a u t o m a t i q u e 

SystdmeCEA Deb i t d 'equ iva len t de dose i r r i i n 5 w „ o ™ / h 
CEA System Equ iva len t dose rate 1 0 1 0 m - r e m / n 

Equivalent de dose 
Equ iva len t dose 

0 - 1 0 5 m-rem 

Temps de c u m u l 
T i m i n g 

0 - 1 0 h 

n a p p J n i i v Agence Commerciale : Z .A . de Courtabcauf - A v . d ' ls lande E V O L I C 4 - 91940 LES U L I S 
l l H r L I E U A Commercial Branch : Te l . (6) 928.59.46 -Te lex : 691 259 F 

FLOWMETERS 
Cal ibra ted and n o n -
ca l ib ra ted i n s t r u m e n t s f o r 
l iquids and gas 

Ava i lab le f r o m our s t ock 
in Zur ich 

type 1100 

H e r a e u s lenses, mirrors. 
Quartz glass cuvettes, hatches, 

disks, prisms, 
rods, tubes 

Triple prism in isotopic and homogeneous 
SUPRASIL quality, deposited on the moon in 
a retro-reflector-system as part of the 
Apollo program. 

A s k f o r f u r t he r i n f o r m a t i o n 

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

8 0 5 7 Zur ich 

If you need 

Bellows valves 

Please contact: 

Alf red Batt ig AG 
C H - 8 4 0 0 Winter thur /Swi tzer land 
Phone: 0 5 2 / 2 5 2 7 69 Telex: 7 6 6 1 7 valve ch 
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Now, for the first time, 
high energy resolution from 

PIN silicon photocells. 
T h e new S1723 PIN s i l i con p h o t o c e l l p r o ­
v ides t h e l ow j u n c t i o n c a p a c i t a n c e a n d h igh 
s h u n t res is tance n e e d e d fo r h i gh speed 
response a n d low no ise . Its large, sens i t i ve 
su r face a rea ( 100mm 2 ) is ideal fo r use w i t h 
B G O a n d o t h e r sc in t i l l a t i on c rys ta ls . T h i s 
de tec to r is less t h a n 3 m m t h i c k c o m p a r e d 
w i t h 6 0 m m o r m o r e f o r PMT 's , yet has a 
1 0 0 m m 2 sens i t i ve area. T h u s , the S1723 

o c c u p i e s a sma l l f r ac t i on o f t he space , and 
cos ts a b o u t hal f as m u c h w h e n used w i t h 
today 's so l i d s ta te amp l i f i e r s . 

A p p l i c a t i o n s i n c l u d e sc in t i l l a t i on d e t e c ­
t i on in the f ie lds of H i g h E n e r g y Phys ics , 
Med i ca l D iagnos t i c s a n d indus t r ia l i n s t r u ­
m e n t a t i o n . H a m a m a t s u eng inee rs wi l l 
m o d i f y the S1723 o r o t he r de tec to r s t o 
meet y o u r needs . 

Call or write for product bulletin and prices. 

HAMAMATSU 
HAMAMATSU CORPORATION • 420 SOUTH AVENUE • MIDDLESEX, NEW JERSEY 08846 • PHONE:(201) 469-6640 

International Offices in Major Countries of Europe and Asia. 
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I x , c d / m 2 : 
LUXMlTRE M X 4 

a partir de Fr. 395.- (sans icha) 
Adapte a la sensibilite de I'ceil • cos corrige jusqu'd 85° 
• 8 gammes 0.. .500'000lx94 gammes 0. ..10'000cd/m2 

• Fonctionnement sans energie auxiliaire. 

M E T R A W A T T 
A G f iir Messapparate 
Felsenrainstrasse I • CH-80S2Zurich Tel. 01-302 35 35 

1700 Fribourg • Tel. 037-24 77 57 

HIGHPAC B1K-120R 
- A new all transistorized high voltage power supply with digital 
setting 

Applications are in laboratory, production testing and as power 
source for photomultiplier, particularly the high current electrodes 

It may be used as a table top or rack mounted unit 

• output voltage 0 - 1200 V at 100 mA (120 mA at 1000 V) 
• regulation load and line less than 100 mV 
• ripple less than 100 mV p-p 
• one meter switchable for voltage or current indication 
• voltage or current control mode by LEDs 
• output voltage may be monitored by a precision 1 : 1000 divider 
• polarity negative output 

Oltronix Labor AG, Grillenweg 4, CH-2504 BIEL-BIENNE 
Switzerland, Tel.: (032) 42 44 45, Telex: 34 637 
Phone: Austria 0222/23 55 55, France 03 /950 70 5 1 , Germany 
07221/6 1653 , Holland 05945/1 27 00, Italy 0 2 / 4 9 8 2 4 5 1 , 
Norway 02/35 61 10, Sweden 08/28 28 40, Finland 
358/0 505 22 55, UK 0272/57 14 04. 

SYSTEME ANALYSEUR LOGIQUE 
IMAS/IMAT 

• Systeme analyseur pour circuits 
digitaux et hybrides 

• Declenchement momentane, 
temporel ou par pointes parasites 

• Commande «ma?tre-esclave» 
bidirectionnelle pour la separation 
de I'analyse et du declenchement 

• Commande par touches 
multifonctions 

• Commande par calculatrice au 
moyen du bus IEC 

Representation generale 

et service 

pour la Suisse 

ROHDE&SCHWARZ 

3 0 0 0 Berne 3 1 

ROSCHI Case postale 6 3 

Telecommunication SA Telephone 0 3 1 4 4 2 7 1 1 
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New! 
Analog l ight -guide t ransmiss ion 

Rated and actual values (2 channels); Resolution 
and stability 1 x 10 4 ; Option 5 x 10 5 ; V24 inter­
section. 
A/D converter offset: type 10 uV; Transmission: 
serial, 9600 baud; Analog limit frequency: 
1-channel 8 Hz, 2-channel 4 Hz. 

Constan t -ou tpu t power supply uni ts 
E.g.: 0 - 3 kV d .c , 0 - 200 mA, 0 - 100 W ; 
Stability 1 x 1 0 4 . 

H.v. capaci tor chargers 
for sawtooth operation up to 100 kV. Power up 
to 20,000 Joules/s; Charging rate up to 200 Hz. 

Casset te power supply un i ts 
18 types, 100 V to 30 kV. 
Output power 30 and 60 W. 
Stability and ripple 10 3 , Option 10 5 . 

Plug-in modules 
30 and 60 W up to 30 kV; Stability 1 x 10 3 . 

H.v. plug connectors 
Coaxial up to 300 kV d.c. wi th cable. 

HeinzingeR HappingerStr71 
8200Rosenheim 
Tel, 080 31/64141 

Regel- und MeBtechnik Telex:0525777 

D I E L E C T R I C C O M M U N I C A T I O N S 
A U N I T O F G E N E R A L S I G N A L 

Tower Hill Road • Raymond, Maine 04071 
Tel.: (207) 655-4555 • 800-341-9678 

TWX: 710-229-6890 

cf/u 

Let??***(§Ch 
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I I 

votre fournisseur pour: ^ 

EntraTnements electriques reglables 
Amelioration du rendement de vos installations et machi­
nes par une accommodation optima de la vitesse, avec 
les entraTnements electriques a reglage continu. 

Convertisseurs de frequence 
Pour regulation continue de la vitesse des moteurs tri-
phases a cage. Reglage de la tension et de lafrequence 
par modulation d'impulsion. Tres bon facteur de puis­
sance cos cp 0,95 et sans reaction de retour dans le 
reseau. Monte dans une armoire en tole d'acier, incl. 
interrupteur principal et contacteur de moteur. Domaine 
de frequence 0,5 Hz a 1000 Hz. Tension d'alimentation 
220 V, 380 V, 500 V, 660 V. Puissance entre 0,4 kW et 
1250 kW. 

EntraTnements ITC 
Variateur electro-magnetique de vitesse a courant de 
Foucoult, ajustable electriquement en continu, pour 
puissances entre 0,1 et 900 kW. Pour plages de regula­
tion de 1:100. Application universale pour machines, 
chaTnes de fabrication, pompes, ventilateurs, etc., regu­
lation simple de la vitesse de rotation ou du couple par 
systeme de regulation a faible consommation de puis­
sance, transmission de force sans contact, aucun ent-
retien special est necessaire. Montage direct de moteurs 
EC, combinaison optima avec engrenages et autres ele­
ments d'entrainement. 

Antriebe SA, CH-8630 Riiti, telephone 055/317071, telex 875778 
Bureau de vente Bienne, CH-2553 Safnern, telephone 032/552580 

Economisez! Filtrez avec 
le 1litre Luwa a poussiere 
fine type FP. Ses 17 m 2 
de surface filtrante 
garantissent une plus 
longue duree de vie. 

7,3 m2 17 m2 

Succursales, licencies et representations dans plus de 60 pays. 

Luwa 
Luwa SA 
Filtres + Equipement de Protection 
Kanalstrasse 5,8152 Glattbrugg, Telephone 01/8101010 

J 

A+D PRODUCTS SA 
m 2502 Bienne r. Albert Anker 23 

Tel. 032 23 6312 / 23 55 82 Telex. 34834 ADPRO 

C I M Modules 
A + D PRODUCTS manufactures currently CERN 

Instrument Modules (CIM) 

l r ~ ~ ~ >i3 o I v 

: : : . : . . ~ •* ******* -

12 BIT DIGITAL TO ANALOG CONVERTER MODULE 

Please contact us for additional information 
We also represent for Switzerland: 
Delta Elektronika BV (NL) 
Wallis Electronics Ltd (UK) 
E/M Electronic Measurements Inc. (USA) 

C 3e 
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/ ^ ( O ) Years of VAT-Technics -
for Research and Industry 

Innovntlvely designed generation 
of V A T bellows-sealed angle valves: 

~i!«hle and etonomltally of V A T bellows-seaieu v . . 
proven, reliable and economically 
prked 
?ac\ file on VAT bellows sealed angle valves (series 52): 
o manual actuation o body made of stainless steel o Viton seal 
on valve seat o bellows welded to body o corner dimensions 
according to ISO standard o exceptionally easy servicing o 
pressure range from 1 • 10~9 to 1,000 mbar o seat and body leak 
rate <1 • lO"9 mbar 1 sec ~] • valve bakeable to ISO0*!, actuator 
to 100°C o service intervals 50,000 closures. 

... add to this the well known VAT workmanship ensuring high quality s\andard and long operating life. 
VAT-the leading specialist for high and ultra high vacuum valves. Ourocatalog 82 gives ample information - call for it! 

VAT AKTIENGESELLSCHAFT fur Vakuum-Apparate-Technik 
CH-9469 Haag (Swl\zerland) 
Phone: (085) 7 23 23 - Telex 855162 vat ch 

EPSON HX-20 
Terminal portable A4 
3 PERIPHERIQUES: 
ECRAN LCD - IMPRIMANTE 
MICRO K7 
VOIES DE COMMUNICATIONS 
V24 PROGRAMMABLES 
EN BASIC 

Autonomie de 50 heures en BASIC RAM 16Kb. 
ROM 32 Kb. extensible a 32 Kb. et 64 Kb. en option 
BASIC Microsoft & EPSON Microprocesseur compatible 
MOTOROLA 6801 CMOS. Acces direct au bus par 
connecteur de 40 broches Interface code-bar 
RS 232 C/V24 de 110 a 38 400 bauds avec connecteurs 
DIN 5 et 8 broches au dos de I'appareil. Imprimante a 
aiguil les, papier normal, largeur 24 caracteres, graphique. 
Ecran a cristaux l iquides, matr ice de 1 2 0 x 3 2 points, 
aff ichage de 4 lignes de 20 caract. Module micro-cassettes 
en opt ion, coupleur acoust ique disponible, agree PTT. 

Je souhaite de plus amples infor­
mations sur I'EPSON HX-20 

Entreprise 

Adresse : _ 

Personne a con tac te r : 

Tel. : 

a 9er.ce G e %m 
r 
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ALBERGHI, CINEMA, TEATRI, MUSEI, SCUOLE, 

L'elenco potrebbe atlungarsi quasi alPinfinito: sono luoghi dove 
Improvvisamente pud sprigionarsi un incendio con i rischi che ne 

conseguono. 
Noi abbiamo pensato alia sicurezza di persone e cose vincendo il fuoco con 

una nuova linea di cavi: 

FP 200; AFUMEX®, RETOX®. 
FP 200 cont inua a funzionare anche nel fuoco, consentendo I'alimentazione 

di luci di sicurezza, allarmi, apparecchiature antincendio. 
AFUMEX® non propaga I'incendio, non emette fumo e gas tossici e quindi 

non causa panico e danni alle persone. 
RETOX® non propaga I'incendio e anche se emet te fumo riduce 

notevolmente I'emissione di sostanze corrosive, evitando gravi danni alle 
attrezzature e agli imp ian t l 



SCINTILLATORS 
FOR LARGE AREA 

APPLICATIONS 
Lower cost per l ight output than any competit ive 

•product. Polycast Technology Corporation is the 
only company that can economically produce large 

* quantities of high-quality, cast acrylic scintillators for 
the large scale particle experiments of the 1980s. 
Here's why: 

I H g 
i U MtkU TIMER 

• • •= 

FDMT 101 

FDMT101 
Fast M u l t i m o d e Discr. 
P a i r / M e a n t i m e r 
For best timing with two PM's at long 
scintillators. 

3 Channel in a Single NIM 
• New Design 
• Compact 
• Low Cost 
• High Rate 

Discriminator: 
- Thresholds int. or remote controlable 
- Linearrange: -5mV to -5V 
- Daisy chain inputs 
- Leading edge/diff./low level timing 
- Direct out: time over thr. LL-dual 

NIM Ampl. + LED-lnd. 
- Bandwidth 150 MHz 

Analog Meantimer: 
- Range up to 60 ns 
- Fast reset on end of range-recovery-

time ^ 5 ns 
- No single trigger outputs 
- Time resolution ±100 ps 
- Output width 5 to 500 ns 

^ic ORBIT C O N T R O L S A G 
Zurcherstrasse 20 
CH-8952 Schlieren 
Tel.: 01-73027 53, Tx: 59 834 

Licence 

Multi Production Units: 

Dedicated Equipment: 

Efficient Production Rates: 

Sheet Size: 

Sheet Thickness: 

Physical Properties: 

Light Yield: 
Attenuation: 
Maximum Emission: 
Decay Time: 

26 individual cell casting machines. 

Guaranteed Uniformity. 1 or more 
casting machines can be dedicated to 
scintillators. 

30 sheets cast per machine batch, 
batch sizes up to 2000 Kg. 

Up to 185 cm x 254 cm. 

1.5 mm to 102 mm. 

PS10 Acrylic Scintillator 

45% of Anthracene. 
150 cm. 
415 nm. 
3.9 ns. 

POLYCAS! 
Polycast Technology Corporation 
PO Box 141, Stamford, CT 06904, USA 
Toll Free 800-243-9002 
in Connecticut (203) 327-6010 TWX 710-474-3894 

HIGH VOLTAGE SYSTEM 
HVS 100-32 

FEATURES 

- Up to 3200 CHS from one or more primary HV sources 
- Intrinsic non volatile memory of the HV value 
- Remote control from dedicated CAMAC module or 

local from hand-held keyboard 
- Max. HV value 3500 Volt 
• Control range 500 Volt 
-12 bit HV monitoring 
- Definition ± 1 Volt 
- Current range 100 /jA+2 mA on request 
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Gas Mixtures Unlimited 
In theory, it is possible to combine 150 

individual gases to produce 11,175 two-
component mixtures and over half a mil­
lion three-component mixtures. What's 
more, there is virtually no limit to the 
possible number of variations in the con­
centration of each component. 

In practice, this means you can ask 
Messer Griesheim for any gas mixture 
you want, in precisely the quality you 
need. And get it fast. 

However specialised and demanding 
your application - in science, education, 
industry or research - you can depend 
on the guaranteed composition of the 
gas mixture you have ordered. 

Messer Griesheim* high purity gases 
and gas mixtures are supplied in handy 
pressure cans and in steel cylinders with 
specially treated linings to preserve the 
stability of their valuable contents. 

If you need a delivery, try us. If you 
need advice, ask us. Whatever the case, 
we'll step on the gas. 

* Represented in Switzerland by 
Schweisstechnik AG 
Langwiesenstrasse 12, 
8108 Dallikon/Zurich 
Telephone 01/8 44 2711 

Gases + Cryogenics 
Messer Griesheim i 

o 
00 

M E S S E R G R I E S H E I M i 
Industr iegase 1 
Homberge rS t rasse12 • D-4000 Dusseldorf 1 
Telephone 0211/4 30 31 • Telex 85 84 979 mgd d 

- a member of the Hoechst group 
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12.001 E 

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

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

Sandwich 
elements 
of all types with various material 
combinations. 
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 S 

Q_ 
o3 

W&G Measurement Technology 
keeps communication systems 

100% available 
* Analog or digital 
* Data * AF 
* Carrer frequency * PCM 
* Radio-link 
* or satellite communication 
systems only give peak per­
formance and 100% availability 
if serviced regularly with top 
class measuring instruments. 
Even at the buying stage W&G 
Measuring Instruments guar­
antee this. 
We deliver the measuring tech­
nology for satellite communica­
tions data networks, for opera­
tions, maintenance, and labo­
ratories - and not least for your 
own applications. 
The picture shows a W&G con­
sole for data circuits and PCM 
systems. 
Reliable measuring technology 
has a name: Wandel & Golter-
mann, that is "W&G". 
If you require general informa­
tion or advice on a specific 
topic, without, obligation, con­
tact us or one of our represent­
atives. 

Time since going into operation Years 

i >s 
Information Coupon 
Yes, we want 100 % availability. 
Send us literature about 
measuring instruments for: 
• Digital Com.Technology 

• Analog Com. Technology 

Name 

Firm 

Address Country SB 

Tel. No uj 

Wandel & Goltermann 
(Schweiz) AG 
Postfach 254 
CH-3000 Bern 25 
Tel. (031)42.66.44 
Telex 32112wago ch 
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Making image processing an attractive proposition 
for scientists and industrialists alike 

Standard software on this user-friendly, desk top instrument 
provides simple keypad control for: 

image storage; image interpretation; image 
^^f^gf, manipulation; image measurement; and 

i H | a range of image processing functions. 

\ 

I 

0 

r - -~» . 

T h e I N T E L L E C T 100 I m a f ! System 
• Integral noise reduction (built-in recursive video processor). 
• Accepts inputs from VTRs, low light XV., broadcast T.V., 

electron microscopes, x-ray devices and others. 
• Slow scan inputs available. 
• Expandable computer power 
• FORTRAN programmable version available. 
•Optional bulk electronic picture storage. 

For m o r e detai ls of our range of i m a g e systems wri te for our short fo rm brochure today. 

MICRO CONSULTANTS LTD., Kenley House, KenleyLane, Keniey Surrey CR2 5YR, England Tel: 01-668 4151 Telex: 946643 MICRO G 

A member of the Micro Consultants Group MICRO CONSULTANTS 



THE FASTESTROUTETO A 
TRACKING TRIGGER 
True Trigger Matrix 
Programmability and a Wide 
16-Bit Input...Make Complex 
Hodoscope Triggers 
Uncomplicated 

The Model 2365 is an Octal Logic Matrix (8LM) designed 
for all your fast logic needs. Each of the 8 channels pro­
duces a 1-bit Boolean function of the 16 ECLine logic in­
puts. Because the 8LM accepts such a wide input, the 
need to parallel and cascade logic units is greatly reduced. 
This minimizes the number of logic stages, shortens pro­
pagation delay, and simplifies the trigger. 

Flexible CAMAC logic programming offers AND, OR, 
NOT, and VETO operations, increasing the versatility of 
the ECLine logic family. A programmable input register per­
mits event simulation for testing. Packaged in the popular 
LeCroy ECLine standard and featuring Continuous 
Memory, the 8LM is an excellent choice. 

The 8LM is available now. For details on it and other 
ECLine logic family modules, contact your local LeCroy 
Sales Representative. 

LeCroy 

II ill 

700 S. Main St., Spr ing Valley, N.Y. 10977, (914) 425-2000; Palo Alto, Cal i fornia, (415) 856-1800; Geneva, 
Swi tzer land, (022) 98 97 97; Heide lberg, West Germany, (06221) 28192; Les Ulis, France (6) 907.38.97; Botley, 
Oxford , Eng land, (0865) 72 72 75. Representat ives throughout the wor ld . 



ElMACs 4CW3OO0OOG Power Tetrode. 
A new generation of high-performance 
power tubes. 

E l M A C ' s 4 C W 3 0 0 , 0 0 0 G c o m ­
b ines all t he des i red f ea tu res 
t ransmi t te r des igners look for: 
h igh peak p late cur rent , l ow gr id 
em iss ion , low in ternal capac i ­
tances and low in ternal induc­
tance . Th is is the f i rs t of a n e w 
genera t ion of h igh p e r f o r m a n c e 
power tubes for LF, HF, V H F and 
pu lse service. 

Laserfab pyrolytic 
graphite grids 
T h e c o n t r o l g r i d a n d s c r e e n 
s t ruc tu res of the 4CW300,000G 
are p r e c i s i o n - c u t by a l ase r 
beam. Each e lement is mono­
l i th ic and c o m b i n e s ex t remely 
l o w c o e f f i c i e n t o f e x p a n s i o n 
w i t h low s t ruc tura l i nduc tance . 
T h e s e f e a t u r e s p e r m i t t h e 
4CW300,000G to have a ve ry 
h i gh t r a n s c o n d u c t a n c e — 1 0 6 

m i c r o m h o s — a n d a l l o w e f f i ­
c ient , h igh- f requency opera t ion . 

Rugged mesh filament 
The E IMAC mesh f i lament pro­
v ides except iona l l y h igh peak 
p late cur rent and permi ts low 
p la te v o l t a g e o p e r a t i o n . T h i s 
leads to power supp ly economy, 
m a k i n g the 4CW300,000G the 
e c o n o m i c cho ice for 300 K W A M 
broadcas t service or long-pulse 
sw i t ch service, each of w h i c h 
d e m a n d s a r ese r ve o f p e a k 
em iss i on . 
Improved anode structure 
E l M A C ' s m u l t i - p h a s e c o o l i n g 
t echn ique provides h igh p late 
d i s s i p a t i o n t o e x t r a c t h e a t 
evenly and qu ick ly f rom the an­
ode, con t r i bu t i ng to long tube 
life and opera t ing economy. 
EIMAC expertise 
ElMAC's exper t i se in e lec t ron 
ba l l i s t i cs pyro ly t ic gr id produc­
t ion , t h e r m o d y n a m i c s and cir­
c u i t t e c h n i q u e s c o m b i n e t o 
br ing tomor row 's tubes for to­

day's t ransmi t te r des igns . More 
i n f o r m a t i o n is ava i lab le f r o m 
Varian E IMAC. Or the nearest 
Var ian E lec t ron Device Group 
sa les of f ice. 

Electron Device Group 
Varian EIMAC 
Application Engineering 

Department 
301 Industrial Way 
San Carlos, CA 94070 
Telephone: 415-592-1221, ext. 218 

Varian AG 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Telephone: (042) 23 25 75 
Telex: 78 841 

varian 


