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Cover photograph: 
The recent discovery of a giant arc in the galaxy cluster Abell 370 (lower 
centre, superimposed wi th a large central 'blob') suggests that the 
central cluster acts as a 'gravitational lens' amplifying and imaging the 
signals from fainter, more distant objects. This was discussed at a 
recent particle physics/cosmology/astrophysics meeting in Bologna 
(see page 1). This photograph is a further look at the cluster, using a CCD 
(charge-coupled device) camera at the 3.6 metre Canada/France/Ha­
waii telescope, bringing hints of even more distant galaxies (Bernard 
Fort - European Southern Observatory). 
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Making physics more fundamental 

Bologna's Palazzo Re Enzo was the historic 
setting for this year's CERN/European Sou­
thern Observatory (ESOj Symposium on 
Astronomy, Cosmology and Fundamental 
Physics. 

T h e stel lar dea th t h r o e s o f super -
novae have been seen and a d m i r e d 
s ince t i m e i m m e m o r i a l . H o w e v e r 
last y e a r ' s ( 1 9 8 7 A , M a y 1 9 8 7 is­
sue , page 1) w a s t he f i r s t t o c o m e 
under t he c o m b i n e d sc ru t i ny o f 
s p a c e - b o r n e rad ia t ion d e t e c t o r s 
and u n d e r g r o u n d neu t r i no m o n i t o r s 
as we l l as te r res t r ia l op t i ca l t e le ­
s c o p e s and even g rav i t y w a v e a n ­
tennae . T h e remarkab le resu l ts u n ­
der l ine t h e p o w e r o f m o d e r n p h y ­
s ics t o expla in and in ter re la te p r o ­
cesses in the f u r t h e s t reaches o f 
t h e c o s m o s and t h e d e e p in ter io r 
o f nuclear par t i c les . 

In recen t years th i s c o m m o n 
g r o u n d b e t w e e n 'B ig B a n g ' c o s m o ­
logy and par t ic le p h y s i c s has been 
regular ly t r o d d e n and r e t r o d d e n in 
t h e l ight o f f r esh n e w ins igh ts and 
n e w expe r imen ta l resu l t s , and 
th ink ing has s tead i l y c o n v e r g e d . In 
1 9 8 3 , t he f i rs t S y m p o s i u m o n 
A s t r o n o m y , C o s m o l o g y a n d Funda­
men ta l Phys ics , o rgan i zed by CERN 
and the European S o u t h e r n Obse r ­
v a t o r y (ESO), w a s ful l o f o p t i m i s m , 
w i t h n e w ideas ( ' in f la t ion ' ) t o ex­
plain h o w the re la t ive ly sma l l va r i ­
a t i ons in t he s t ruc tu re o f t h e Un i ­
ve rse cou ld have ar isen t h r o u g h t he 
q u a n t u m s t ruc tu re o f t he init ial ca ­
t a c l y s m . 

In 1 9 8 6 , the s e c o n d S y m p o s i u m 
paused f o r re f lec t ion in t he l ight o f 
n e w resu l ts f r o m sa te l l i t e -bo rne ex­
p e r i m e n t s , s h o w i n g n e w ev idence 
f o r large-scale a s y m m e t r i e s in t h e 
un iversa l d i s t r i bu t i on o f ga lax ies , 
t y i n g in w i t h a cu r ious d i rec t iona l 
e f fec t in t he m i c r o w a v e b a c k ­
g r o u n d rad ia t ion ( the foss i l relic o f 
t he Big Bang). 

T h e th i rd S y m p o s i u m , he ld in 
Bo logna in M a y t o co inc ide w i t h 
t he ce leb ra t i ons o f t he u n i v e r s i t y ' s 
9 0 0 t h ann ive rsa ry , h in ted at a 
fu r the r n e w t h r e s h o l d in under ­
s t a n d i n g . Fundamen ta l t h e o r i s t s , 
l ook i ng at phys i cs o n t h e w i d e s t 

sca le , need theo r ies e n c o m p a s s i n g 
all t he f o r c e s o f Nature . 

A l t h o u g h the c o n f i r m a t i o n o f t he 
' e l e c t r o w e a k ' un i f i ca t ion o f e l ec t ro -
m a g n e t i s m w i t h t he w e a k nuclear 
f o r c e by e x p e r i m e n t s at CERN in 
1 9 8 3 w a s a ma jo r s t ep f o r w a r d , 
f u n d a m e n t a l t heo r i s t s a lso need t o 
b r ing in t h e s t r o n g nuclear f o r c e -
in te r -quark a t t r ac t i ons - in to t he 
p i c tu re , n o t t o m e n t i o n t he c lass ic 
en igma o f g rav i t y , t he d o m i n a t i n g 
f ac to r in t h e large-scale s t ruc tu re o f 
t h e Un ive rse . 

A f t e r m a n y years o f ups and 
d o w n s , w i t h f u n d a m e n t a l t h e o r i s t s 
o f t e n m o r e c o n c e r n e d w i t h de ta i led 
m a t h e m a t i c s than w i t h real i ty , D i -
mi t r i N a n o p o u l o s o f M a d i s o n ( W i s ­
cons in) c a m e t o Bo logna w i t h 
' s t u n n i n g ' d e v e l o p m e n t s t o repo r t . 

Un iversa l theor ies f i rs t have t o 
syn thes ize e l e c t r o w e a k and quark 
e f f ec t s , no t concep tua l l y d i f f icu l t as 
t he e l e c t r o w e a k p ic ture has s h o w n 

t h e w a y , bu t an a w e s o m e d i m e n ­
s iona l gap has s o m e h o w t o be 
b r i d g e d . T o sugar th is b i t te r pill 
and t o o p e n t h e d o o r t o g rav i t y , 
t h e o r i s t s t u r n e d t o n e w ideas. ' S u -
p e r s t r i n g s ' use one -d imens iona l 
s t r i ngs ra ther t han in f in i tes imal 
p o i n t s as t h e p a w n s of t he g a m e . 
T h e o the r u n o r t h o d o x s t e p i nvo l ves 
a b a n d o n i n g t h e ' c lass ica l ' v i e w o f 
par t i c les as e i ther ' f e r m i o n s ' -
ca r ry ing half un i ts o f sp in angular 
m o m e n t u m and o b e y i n g the f a ­
m o u s Pauli Exc lus ion Pr inciple -
and ' b o s o n s ' - in teger sp ins w i t h 
no q u a n t u m o c c u p a n c y res t r i c t i ons . 
In s u p e r s y m m e t r y , each f e r m i o n is 
a l l oca ted a b o s o n par tner and v ice 
ve r sa . Doub l i ng t he n u m b e r o f par­
t i c les in th i s w a y o p e n s n e w m a ­
thema t i ca l a v e n u e s , and a l t hough 
no s u p e r s y m m e t r i c par t ic le p a r t n ­
ers have been seen so far , th is 
f lex ib i l i t y g i ves phys i cs s c o p e t o o . 

H i the r to d e v o i d o f p red ic t i ve 
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Dimitri Nanopoulos - 'stunning' new results. 

wi th the f ield theory of inter-quark 
forces (quantum chromodynamics 
- QCD). Roberto Peccei of DESY 
rev iewed the latest experimental 
resul ts, where evidence for just 
three types of neutr inos cont inues 
t o accumulate, and where insights 
f r o m exper iments at the CERN pro-
ton-ant iproton.co l l ider f i rmly put 
the mass of the t o p quark at above 
7 0 GeV. 

Impressive, according t o Peccei, 
is the w a y detai led (radiative) elec-
t r oweak ef fects can n o w hone re­
sul ts , show ing excellent agreement 
be tween the e lect roweak paramet­
ers measured in f ixed target and 
col l iding beam exper iments. Con­
s istency arguments based on these 
calculat ions s h o w the top quark to 
be l ighter than about 2 0 0 GeV, 
prov id ing a useful upper l imit. 

A l though the sixth quark remains 
aloof, there is 'excel lent indirect 
ev idence ' , Peccei assured. The 
subt le asymmetr ies seen in elec­
t ron-pos i t ron annihilation s h o w that 
the f i f th ( 'beauty ' or ' b o t t o m ' - b) 
quark must have a partner. 

Peccei explored the (Cabibbo-
Kobayashi -Maskawa) matr ix relat­
ing quark and weak nuclear interac­
t ion parameters (see page 7), 
show ing h o w some parameters are 
in good shape, others less certain. 

power , this superstr ing approach 
has been dogged by prob lems of 
t o o many d imens ions, requir ing all 
sor ts of ' compact i f i ca t ion ' dodges 
t o s o m e h o w map ul t ra-dimensional 
wo r lds on to the modes t four d im­
ensions that w e know . However 
new approaches to invariance and 
consis tency have s h o w n h o w to 
build four-dimensional superst r ing 
pictures, and using an alternative 
me thod of embedding the unif ica­
t ion of e lect roweak and quark 
fo rces , real results seem to fo l l ow . 

Nanopoulos start led his Bologna 
audience w i t h theor is ts ' predict ions 
of the mass of the unseen sixth 
( ' top') quark in the range 7 0 - 9 0 
GeV (in line w i t h exper iments so 
far), whi le the 'heavy ' tau- and 
muon- type neutr inos are at t r ibuted 
w i t h masses of a f e w e lect ron-
vo l t s , and the light e lect ron- type 
vers ion could we igh as little as 
1 0 " 8 e lect ronvol ts , small t o be 

detected direct ly but still full of 
cosmolog ica l impor t . 

Ten years ago, before the elec­
t roweak unif ication had even been 
con f i rmed, bold theor ists were toy ­
ing w i t h the unif ication of the elec­
t roweak and quark sectors , pre­
dict ing that the pro ton wou ld be 
unstable. A t some 1 0 3 2 years, this 
l i fet ime dwar fed even the est i ­
mated age of the Universe (conven­
t ionally measured in Giga - 1 0 9 -
years), but no problem to accom­
modate w i t h so many pro tons 
available. 

In three cont inents , new under­
ground exper iments were built or 
exist ing ones modi f ied to provide 
the intense shielding f r om random 
cosmic rays t o search for nucleon 
(proton) decay. However no con­
vincing evidence for pro ton decay 
has been seen in many years of pa­
t ient search, and the pro ton has 
been given a new lease of life. 

The new formulat ion of unif ied 
theory n o w predicts a pro ton life­
t ime of some 1 0 3 5 years, holding 
out new hope for the next genera­
t ion of bigger underground detec­
to rs . W i t h no posi t ive evidence to 
repor t , Nucleon Decay (ND) 
searches had reconf igured as Neu­
tr ino Detectors , and the neutr ino 
sight ing f r o m last year 's supernova 
w a s cynically heralded as one of 
the greatest success of the old the­
ory of e lec t roweak/quark force uni­
f icat ion. W i t h the unstable p ro ton 
n o w back on the theoret ical map, 
and w i th big new underground de­
tec tors being prepared or pro­
posed , the ND label could revert to 
nucleons. 

However these st imulat ing new 
ideas are stil l highly speculat ive and 
could yet evaporate as quickly as 
their predecessors. The f ron t line 
of establ ished physics is still the 
'Standard M o d e l ' - a loose comb i ­
nat ion of the e lect roweak picture 

Supernova 

Af te r the initial fo rmat ion (primor­
dial nucleosynthesis) of light ele­
ments in the Big Bang, heavier ma­
terial is bel ieved to have been 
cooked in the f iery interior of su­
pernova explos ions. A special ses­
s ion at the Bologna sympos ium 
w a s given over t o the 1 9 8 7 A su­
pernova, n o w wel l over a year o ld . 
Former ESO Director L. Wol t je r 
s h o w e d h o w the progressive d im­
ming of the supernova ref lects the 
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Close analysis of slices of the sky shows 
how clusters of galaxies seem to lie in 
'sheets' and 'filaments'. 

(Margaret Geller) 

rad ioac t i ve p r o c e s s e s at w o r k in 
t he c o r e , w i t h n icke l , t h e n coba l t 
be ing p r o d u c e d . A b o u t 6 -7 per 
cen t o f a solar m a s s o f i ron l o o k s 
t o be the o u t c o m e , and w h e n m u l ­
t ip l ied by the e s t i m a t e d n u m b e r o f 
such s u p e r n o v a s t o have o c c u r r e d 
in the h i s to ry o f t he Un i ve rse , t ies 
in we l l w i t h the natura l a b u n d a n c e 
o f i r on , t he m o s t s tab le nuc leus , 
p r o v i d i n g a s ta r t l ing b r i dge be ­
t w e e n nuclear phys i cs and c o s m o ­
logy . 

C o m p l e m e n t i n g the op t i ca l t r ack ­
ing o f t he supe rnova w e r e resu l ts 
f r o m neut r ino ( M . Koshiba) and X -
ray (Y. Tanaka , J . T rumpe r ) s igh t ­
ings. T h e neut r ino resu l ts p rov i de a 
g o o d t e s t o f basic neu t r ino para­
m e t e r s , wh i l e a m a r k e d t w o - f o l d X -
ray s p e c t r u m (hard and so f t c o m ­
ponen ts ) needs exp lana t i on . 

W o l f g a n g Hi l lebrandt o f Garch ing 
s h o w e d h o w theore t i ca l under ­
s tand ing o f the 1 9 8 7 A s u p e r n o v a 
is ass is ted as th is t i m e t h e p r o g e n i ­
t o r s tar o f the exp los ion is k n o w n , 
a l though the p ic ture is st i l l far f r o m 
c o m p l e t e ( 'wea ther f o r e c a s t s are 
a l w a y s d i f f icu l t ' ) . 

A n o t h e r in t r igu ing s u p e r n o v a ef­
f e c t is t he repor t by the R o m e 
g r o u p ope ra t i ng a 2 3 0 0 k i l og ram 
grav i t y w a v e d e t e c t o r o f co r re ­
la t ions b e t w e e n impu lses r e c o r d e d 
in thei r appara tus (and in the M a r y ­
land , US , ins t rument ) and neu t r ino 
s ignals f r o m the d e t e c t o r in t he 
M o n t Blanc tunne l . 

Astrophysics 

In con t ras t w i t h Pecce i ' s r ich har­
v e s t o f par t ic le phys i cs da ta , A l a n 
Dress ier o f Cal i fo rn ia 's M o u n t W i l ­
s o n O b s e r v a t o r y a d d e d t he la test 
chap te r in the painfu l ly s l o w de te r ­
m ina t i on o f basic c o s m o l o g i c a l pa ­
rame te rs . In the late 1 9 2 0 s , E d w i n 
Hubb le o p e n e d a n e w era in c o s ­

m o l o g y w i t h his d i scove ry tha t 
s ta rs recede at a rate p ropo r t i ona l 
t o the i r d i s tance . 

T h e p ropo r t i ona l i t y (the Hubb le 
cons tan t ) has m o v e d ove r the 
years as observa t iona l a s t r o n o m y 
has i m p r o v e d , bu t w i t h s tar b r igh t ­
ness and d i s tances d i f f icu l t t o 
quan t i f y , s t u b b o r n l y re fuses t o be 
f i x e d . H o w e v e r w h e n local va r i ­
a t ions are a d d e d t o the main Hub­
ble f l o w , Dressier s h o w e d h o w the 
p ic tu re l ooks t id ier , w i t h less sca t ­
te r b e t w e e n d i f fe rent o b s e r v a t i o n s . 

W i t h an expand ing Un ive rse , one 
ques t i on is w h e t h e r it can con t i nue 
t o e x p a n d , or w h e t h e r the re is 
e n o u g h grav i ta t iona l i n te ra t t rac t ion 
b e t w e e n ma t te r f o r it one day t o 
reach s o m e cr i t ical l imit and be ­
c o m e ' f l a t ' . W h i l e there is lo ts o f 
p re jud ice s u p p o r t i n g th is idea, 
' the re is lo ts o f ev idence aga ins t 
i t , ' r e m a r k e d Dressier . 

Marga re t Geller s h o w e d remark ­

able large-scale s t ruc tu re in the d is ­
t r i bu t i on o f l um inous mat te r . L o o k ­
ing at s l ices o f t he sky ( ' red-shi f t 
s u r v e y s ' ) , t he c lus te rs and ' super -
c l us te rs ' o f v is ib le galaxies s e e m t o 
lie in ' f i l amen ts ' or ' s h e e t s ' , w i t h 
in te rven ing v o i d s , t h e m s e l v e s ex­
pand ing at t h o u s a n d s of k i l ome t res 
per s e c o n d . Ana l ys i s o f ne ighbour ­
ing s l ices s h o w s clear ly tha t t hese 
s t ruc tu res are real , and no t jus t 
s o m e s ta t is t i ca l acc iden t . Expla in­
ing such m a r k e d e f fec ts by g rav i t y 
a lone is no t s t r a i g h t f o r w a r d , leav­
ing l oopho les f o r add i t iona l ' e xp l o ­
s i ve ' f o r c e s . 

Bruce Par t r idge o f Have r fo rd Co l ­
lege t o o k a hard l ook at t he m i c r o ­
w a v e b a c k g r o u n d rad ia t ion , the 
t h e r m a l v e s t i g e o f t he Big Bang . D i -
po le a s y m m e t r i e s in the o b s e r v e d 
pa t t e rn o f rad ia t ion po in t t o local 
m o t i o n , w i t h no c o m p a r a b l e qua -
d rupo le e f fec t t o s u g g e s t d i r ec t i on ­
al m a t t e r e x p a n s i o n as t he cu lpr i t . 
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The CERN portion of the public exhibition 
held in parallel with the Symposium. 

The remain ing signal is un i fo rm t o 
less than one part in a t housand 
over a w i d e range of w a v e l e n g t h s , 
but A lexe i S ta rob insky o f M o s ­
c o w ' s Landau Inst i tu te pre fer red t o 
wa i t fo r measuremen ts f r o m n e w 
Sov ie t space s tud ies p rob ing d o w n 
t o one part per mi l l ion. In his ta lk , 
S ta rob insky po in ted ou t the range 
of ' in f la t ion ' theor ies n o w on the 
market . 

Recent rocke t -bo rne s tud ies 
look ing at sub-mi l l imet re w a v e ­
lengths see a marked e f fec t , w h i c h 
cou ld be a d is to r t ion in the m ic ro ­
w a v e radiat ion i tself or the onse t o f 
a n e w signal f r o m rapidly receding 
intergalact ic dus t , no th ing d i rect ly 
t o do w i t h the Big Bang. 

Nostalgia came f r o m Fred Hoy le , 
once an advoca te of the 'S teady 
S ta te ' p ic ture of the Un iverse, n o w 
abandoned in favour of the Big 
Bang idea. Had th is never hap­
pened , he po in ted out tha t the n e w 
in fo rmat ion gathered in the mean ­
t ime m igh t have made it more d i f f i ­
cult t o revoke the Steady State 
idea! . 

More light on dark matter 

M o r e than half a century ago , ana­
lysis of stel lar m o t i o n and the v is i ­
ble d is t r ibu t ion of galact ic mat te r 
f i rs t s h o w e d a basic incompat ib i l i t y 
- more mat te r is requi red than 
mee ts the eye. The concep t of inv i ­
sible 'dark mat te r ' w a s bo rn . M o r e 
suppo r t came f r o m Big Bang ca lcu­
lat ions o f nuclear syn thes is . 

N e w ideas (Apr i l issue, page 25) 
have p rov ided a n e w scenar io 
w h i c h lessened the need fo r 9 0 per 
cent of the Universe t o be inv is ib le. 

Former CERN Director-General Leon Van 
Hove received an honorary doctorate from 
the 900-year old Bologna University at a 
ceremony marking the end of the ESO/CERN 
Symposium. Former ESO Director L. Woltjer 
was also honoured. 
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Around 

Participants at the ESO/CERN Symposium 
pose in front of the CERN bubble chamber 
mosaic, part of the exhibition organized in 
parallel with the meeting. 

but at Bo logna Paris as t rophys i c i s t 
Huber t Reeves po in ted ou t i n c o m ­
pat ib i l i t ies w i t h the o b s e r v e d levels 
o f l i t h ium-7 . 

Cambr i dge a s t r o n o m e r D. L y n d -
en-Bel l w a s ' s cep t i ca l ' o f measu red 
l ight e lemen t levels. He a lso under­
l ined d i f fe rences in the ma t te r d i s ­
t r i bu t i ons measu red op t ica l l y and 
t h r o u g h the IRAS in f ra- red a s t r o n o ­
m y sate l l i te . W h i l e the op t i ca l re­
su l ts need dark ma t te r s u p p o r t , t he 
in f ra- red data taken at face value 
m igh t no t . Rather than us ing th is as 
ev idence against dark ma t te r , 
Lynden-Bel l po in ted ou t t he inher­
ent d i f f icu l t ies ( 'underc lus ter ing ' ) in 
in f ra- red sou rce c o u n t i n g . 

Ch icago as t rophys i c i s t Michae l 
Tu rne r su rveyed t he cand ida te l ist 
f o r the m iss ing 9 0 per cen t o f t he 
Un ive rse . 'Even if y o u buy the idea 
o f all b a r y o n s , w h e r e d o y o u put 
t h e m ? ' he cha l lenged . Neu t r inos 
f i gu red h igh on Tu rne r ' s l is t , an a l ­
te rna t i ve no t v i e w e d as t o o exo t i c 
b y s y m p o s i u m summar i ze r Leon 
V a n Hove o f CERN. 

N e w hope fo r reveal ing ma t te r in 
t he ou t l y ing reg ions o f the Un iverse 
came f r o m B. Fort o f ESO, s h o w i n g 
h o w rich c lus ters o f galaxies can 
act as natural 'g rav i ta t iona l te le ­
s c o p e s ' t o ampl i f y and image the 
fa in t l ight f r o m m o r e d is tan t o b ­
j ec t s . A f t e r initial i nves t iga t ions , 

fu r ther careful analysis has p icked 
ou t ex t reme ly fa int con t r i bu t i ons 
due t o add i t iona l s ta r - fo rm ing ga l ­
axies far b e y o n d the usual range o f 
v i s i on . 

For part ic le phys ics , Fermi lab D i ­
rec tor Leon Lederman ske t ched the 
range of expe r imen ts in p rog ress 
or in p repara t ion at his Labora to ry , 
wh i l e Enr ico Bel lot t i ou t l ined the 
phys ics s tud ies be ing readied at 
the n e w Italian Gran Sasso under­
g round Labora to ry . 

T h e c o s m i c scope of part ic le 
phys ics ideas w a s ind icated by A b -
dus Salam in his i n t r oduc t i on , 
chai red by Bruno P o n t e c o r v o , and 
under l ined by summar izer Leon V a n 
H o v e , w h o also d r e w a t ten t ion t o 
o ther recent part ic le phys ics and 
as t r ophys i cs resu l ts , such as the 
n e w data f r o m CERN on the d is t r i ­
bu t ion o f intr insic angular m o m e n ­
t u m (spin) deep inside the p r o t o n 
(June issue, page 9) , and the infor­
ma t i on learned f r o m satel l i te m o n i ­
t o r i ng o f Hal ley 's C o m e t in 1 9 8 6 . 

W i t h the same l aws of phys ics 
ho ld ing g o o d over s o m e f i f t y p o w ­
ers o f t en o f d i s tance , and w i t h 
n e w b reak th roughs in under­
s tand ing on the hor izon , the f r o n ­
t iers o f phys ics seem t o be c o n ­
ve rg ing . 

Report by Gordon Fraser 

SERPUKHOV 
Experiments for UNK 

With half the 21 kilometre tunnel 
f o r t he UNK acce lera tor at Serpuk­
hov , near M o s c o w , n o w excava ted 
and w i t h c o m p l e t i o n e x p e c t e d 
s o m e t i m e ear ly in 1 9 9 0 , a t ten t i on 
is n o w tu rn ing t o the expe r imen ts 
t o exp lo i t th is la test add i t i on t o the 
f r o n t rank o f t he w o r l d par t ic le phy ­
s ics scene . 

W h i l e w o r k on UNK has been 
u n d e r w a y f o r s o m e t i m e , cons t ruc ­
t i on w a s g iven a b o o s t last year by 
a t op - l eve l M o s c o w dec is ion (Jan­
ua ry /Feb rua ry issue, page 3) . W i t h 
Sov ie t a c c o m p l i s h m e n t s in o ther 
areas o f t e c h n o l o g y so impress i ve , 
such a m o v e shou ld cons ide rab ly 
benef i t h igh energy phys i cs . 

T h e 4 0 0 GeV UNK b o o s t e r r ing 
( m a x i m u m energy 6 0 0 GeV) o f 
conven t i ona l m a g n e t s cou ld be rea­
dy as early as 1 9 9 0 , w i t h the 3 
T e V b e a m s f r o m the s u p e r c o n d u c t ­
ing r ing f o l l o w i n g 3 years later. T h e 
add i t i on o f a s e c o n d r ing w i l l p r o ­
v ide 3 T e V co l l id ing p r o t o n b e a m s 
(6 T e V col l is ions) in the m idd le 
1 9 9 0 s . 

A n in ternat iona l mee t i ng at Prot -
v ino last year h igh l igh ted the phy ­
s ics o p p o r t u n i t i e s tha t the n e w m a ­
chine w o u l d o f fe r (May issue, page 
1). 

S o m e init ial UNK expe r imen ts 
have n o w been a p p r o v e d , a l though 
in s o m e cases fu r ther deta i ls re­
ma in t o be f i x e d , wh i l e the green 
l ight f o r fu r the r expe r imen t s cou ld 
f o l l o w later th is year. A l r e a d y play­
ing a s ign i f i cant role in expe r imen ts 
at o the r w o r l d cen t res (in part icular 
the Delphi and L3 expe r imen t s at 
CERN's LEP e lec t ron -pos i t r on co l ­
l ider have Sov ie t con t r i bu t i ons ) , 
Sov ie t sc ien t i s t s are keen t o have 
in ternat iona l co l l abo ra t ion at UNK. 
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the Laboratories 

About half the 21 kilometre tunnel for the 
UNK accelerator at Serpukhov, near Mos­
cow, has now been excavated (in black). 
Particles will be injected from the existing 
70 GeVproton ring (below). 

No deta i ls have ye t been f i x e d , bu t 
there have been severa l ind ica t ions 
o f in terest f r o m g r o u p s in Europe 
and the US. 

The f i rs t expe r imen t t o run at 
UNK wi l l be the ' N e p t u n ' gas je t 
t a rge t , w h i c h shou ld ge t u n d e r w a y 
in 1 9 9 1 . S i ted 6 0 m u n d e r g r o u n d , 
th is s t u d y wi l l p robe sp in e f fec ts 
w i t h h igh energy p r o t o n b e a m s . 

Other UNK expe r imen ts a l ready 
a p p r o v e d include a Mul t ipar t ic le 
Spec t rome te r t o exp lo i t the ex­
pec ted high p roduc t i on rate o f par­
t ic les carry ing the ' beau ty ' q u a n t u m 
number , and in part icular look f o r 
the f i rs t s igns of the v io la t ion o f CP 
s y m m e t r y (phys ics invar iance un ­
der c o m b i n e d par t i c le /an t ipar t i c le 
s w i t c h i n g and mi r ror ref lect ion) 
ou ts ide the neutral kaon sec to r . 

A 'G luon ' expe r imen t , w i t h the 
goal o f search ing fo r 'g lueba l ls ' 
(part ic les c o m p o s e d of the g luon 
carr iers o f the in ter -quark f o r c e . 

rather t han the quarks themse lves ) 
w o u l d f o l l o w broad ly a long the 
l ines o f a S o v i e t / E u r o p e a n / U S c o l ­
labora t ion n o w w o r k i n g at CERN 
and Se rpukhov (May issue, page 
2 1 ) . 

T h e Len ingrad nuclear phys ics 
ins t i tu te w i l l play a major role in a 
s t u d y o f hype rons (heavy ba ryons ) , 
ca r ry ing o n f r o m w h e r e the recent 
Fermi lab hype ron exper imen t (June 
issue, page 25) left off . 

One UNK exper imenta l area w i l l 
be g iven over t o neut r ino b e a m s , 
and init ial p roposa l s , inc lud ing a l i ­
qu id a rgon ca lo r imeter , w i l l be c o n ­
s idered at Se rpukhov later th is 
year. 

A l t h o u g h UNK opera t i on as a 6 
T e V p r o t o n - p r o t o n col l ider is sti l l 
s o m e years a w a y , the big c o n f i g u ­
ra t ions needed t o exp lo i t t hese 
c o n d i t i o n s take a long t i m e t o d e ­
s ign and engineer . T w o p ro jec ts 
are emerg ing - a large Universa l 

Ca lor imeter De tec to r (UCD) exper i ­
m e n t f o r p rec is ion t es t s o f the cur­
rent S tandard M o d e l o f part ic le 
phys ics t o g e t h e r w i t h searches f o r 
n e w behav iour , and a s t reamer 
chamber t o g ive visual records o f 
t he c o m p l e x e f fec ts expec ted at 
these reco rd co l l is ion energ ies. 

CERN 
New effects 
with neutral kaons 

After preliminary indications last 
year (November 1 9 8 7 issue, page 
2 0 ) , a CERN expe r imen t has c o n ­
f i r m e d i m p o r t a n t n e w behav iour in 
t he decays o f neutra l kaons . 

In 1 9 6 4 , a h is tor ic expe r imen t 
by J .H . Ch r i s t enson , J . W . Cron in , 
V . L . Fi tch and R. Tur lay at B rook -
haven d i s c o v e r e d tha t t he neutral 
kaon behaved odd l y . Prev ious ly , 
t he neutra l kaon w a s t h o u g h t t o 
c o m e in t w o k inds , a long- l i ved 
var ie ty decay ing in to th ree p ions , 
and a sho r t - l i ved cous in p roduc ing 
p ion pai rs . 

Th is w a s in line w i t h so-ca l led 
CP s y m m e t r y - phys i cs w a s 
t h o u g h t t o be unchanged if par t i ­
c les and ant ipar t ic les w e r e 
s w i t c h e d (C) at t he s a m e t ime as 
left and r ight w e r e in te rchanged 
(P). But t he B rookhaven expe r imen t 
f o u n d a b o u t one long- l i ved kaon in 
f i ve hund red g iv ing t w o p ions in ­
s tead of t h ree , and CP s y m m e t r y 
fe l l . 

Near ly a quar te r o f a cen tu ry lat­
er, th is is st i l l a m y s t e r y , a l though 
t he e f fec ts can be conven ien t l y 
desc r i bed in t e r m s o f the poss ib le 
p e r m u t a t i o n s o f the six quark ' f la ­
v o u r s ' due t o the w e a k nuclear 
f o r c e (Cab ibbo -Kobayash i -Maska -
w a mat r ix ) . H o w e v e r p red ic t ion is 
l im i ted as a l m o s t all t he input 
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Comprehensive axial view of the decay of a 
neutral kaon into two neutral pions, each of 
which then produces a pair of photons, as 
seen by the NA31 experiment at CERN, with 
the reconstructed positions of the incoming 
kaon and the two outgoing pions. 

c o m e s f r o m labora to ry measu re ­
m e n t s . 

T h e t w o neutra l k a o n s , a pa r t i -
c le-ant ipar t ic le pair , are d i s t i n ­
gu ished on ly by the i r quark label 
(s t rangeness) c o n s e r v e d in s t r o n g 
nuclear in te rac t ions . W h e n the 
w e a k nuclear f o r c e is at w o r k , 
s t rangeness is no longer c o n s e r v e d 
and the neutra l kaon par t ic le and 
ant ipar t ic le ge t m i x e d up . 

Such 'par t ic le m i x i n g ' has a lso 
been seen in the neutra l B m e s o n s 
(carry ing the ' b e a u t y ' quark) by the 
U A 1 expe r imen t at CERN's p r o t o n -
a n t i p r o t o n co l l ider , and by the A R ­
GUS expe r imen t at the DORIS elec­
t r o n - p o s i t r o n co l l ider at t he German 
DESY Labo ra to ry (June 1 9 8 7 is­
sue , page 16). 

M ix ing a lso resu l ts in CP v io la ­
t i o n , seen so far on ly in the neutra l 
kaon sec to r . Pro jec ts f o r c o p i o u s 
supp l ies o f B par t ic les h o p e t o ex­
t e n d the CP v io la t ion arena t o a 
n e w b reed of par t ic les . 

In the quark p ic tu re , m ix ing is 
exp la ined by t rans ien t quark e f fec ts 
ins ide the par t i c les , and o b s e r v e d 

m ix ing ra tes p rov ide n e w f i xes on 
quark pa rame te rs and t rans i t i on 
ra tes . H o w e v e r such quark t rans i ­
t i o n s shou ld a lso con t r i bu te t o the 
decays o f the par t ic les , g iv ing add i ­
t iona l CP v io la t ing e f fec ts . 

T h e C E R N / D o r t m u n d / E d i n -
b u r g h / M a i n z / O r s a y / P i s a / S i e g e n 
co l labora t ion buil t and ope ra ted an 
ingen ious de tec to r t o p ick up t he 
decays o f b o t h sho r t - and l ong -
l ived kaons s imu l taneous ly . F rom a 
to ta l samp le o f abou t a mi l l ion 
charged and neutral p ion pairs f r o m 
shor t - l i ved kaons and ten t i m e s as 
m a n y f r o m long- l ived kaons , t he 
expe r imen t f i nds a t w o per cen t d i ­
f fe rence b e t w e e n the rat io o f l o n g -
l ived kaons decay ing in to neutra l 
and in to charged p ion pairs and the 
c o r r e s p o n d i n g rat io fo r shor t - l i ved 
kaons . 

Th is is the f i rs t t ime tha t ' d i rec t ' 
CP v io la t i on , not due t o par t ic le 
m i x i ng , has been seen. A s we l l as 
help ing t o unders tand the or ig in o f 
th is de l icate phys ics e f fec t , it p r o ­
v ides impo r t an t n e w input t o the 
quark p ic tu re . 

CLICing into place 

Spur red b y a m b i t i o u s p lans fo r 
phys i cs research a round the end of 
t h e cen tu r y and the beg inn ing o f 
t h e nex t , l ong - range acce lera tor re­
search and d e v e l o p m e n t is c o m i n g 
back o n t o the scene at CERN af ter 
t he years w h e n resources w e r e 
heavi ly c o m m i t t e d t o LEP. Th is 
year a b u d g e t line fo r th is w o r k has 
reappea red . 

D e v e l o p m e n t never s t o p p e d -
w i t n e s s t he m a s t e r y o f s u p e r c o n ­
d u c t i n g rad io f requency cav i t ies , 
and t he rap id success w i t h h igh 
f ie ld s u p e r c o n d u c t i n g m a g n e t s (see 
J u n e i ssue , page 13) w i t h a v i e w 
t o a 'Large Hadron Col l ider ' (LHC) 
in the LEP tunne l . 

H o w e v e r o the r Labora to r ies w i t h 
less a m b i t i o u s s h o r t - t e r m c o m m i t ­
m e n t s , par t icu lar ly in t he U S A , 
w e r e g iv ing m o r e a t t en t i on t o t he 
cha l lenge o f n e w acce le ra t ion t e c h ­
n iques f o r t he nex t cen tu ry . A t 
CERN, m o r e e m p h a s i s on th is w o r k 
w a s s t r o n g l y a d v o c a t e d by the 
CERN Long Range Planning C o m ­
m i t t ee led by Carlo Rubbia , a n d , in 
add i t i on t o the m o r e immed ia te l y 
feas ib le LHC, the C o m m i t t e e c o n ­
s ide red t h e nex t genera t i on o f e lec­
t r o n co l l iders under the name CLIC. 

Present CERN ideas on e lec t ron 
l inacs in t he 1 T e V reg ion have 
s o m e f o r m i d a b l e pa rame te rs . N e w 
e lec t ron sou rces are needed t o 
p r o v i d e ve ry i n tense , sho r t 
bunches t o exc i te s u p e r c o n d u c t i n g 
l inac cav i t ies . Laser s t imu la ted 
p h o t o - c a t h o d e sou rces are l ook ing 
p r o m i s i n g and t hese are be ing s t u ­
d i e d . A s u p e r c o n d u c t i n g dr ive l inac 
f o l l o w s fa i r ly natura l ly f r o m the 
w o r k on t he LEP cav i t ies . P o w e r 
has t hen t o be t rans fe r red t o the 
' rea l ' l inac requ i r ing specia l t rans fe r 
cav i t ies . 

T h e f inal f o c u s o f co l l id ing 
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An example of the relatively modest invest­
ment needed for long-range accelerator re­
search and development is the Advanced 
Accelerator Test Facility at Argonne 
studying the production of wakefields 
in structures and plasmas (June issue, 
page 16). 

t o w i c e Un ivers i t y in Po land. There 
is a recent p r o p o s a l t o bui ld b o t h 
the dr ive and main l inacs o f CLIC 
in to a s ingle acce le ra to r w i t h an ap ­
p ropr ia te s t ruc tu re (vo l tage m u l ­
t ip l y ing r.f. s t ruc ture) t o a l l ow a 
dr ive b e a m t o be sen t d o w n the 
bo re f o l l o w e d by the ' rea l ' b e a m , 
w h i c h then sees h igh f ie lds be­
cause of t he amp l i f i ca t ion tak ing 
p lace in the s t ruc tu re . 

A l t h o u g h the goa ls sti l l l ook fo r ­
m idab le , the re is no sho r tage of 
or ig inal ideas. 

BROOKHAVEN 
Polarized protons 

b e a m s f r o m such l inacs is ano the r 
t o p i c requ i r ing n e w ideas and ex­
pe r imen ta l d e v e l o p m e n t - t he 
b e a m d i m e n s i o n at t he c r o s s i n g 
po in t f o r CLIC shou ld be a b o u t 12 
n a n o m e t r e s , a t h o u s a n d t i m e s t h i n ­
ner than a human hair. (The n e w 
SLC S t a n f o r d Linear Col l ider is 
s t rugg l i ng t o co l l ide b e a m s o f a 
f e w mic rons . ) A m o n g the poss ib i l i ­
t i es is a p lasma lens w h e r e t he 
neut ra l ized e lect r ic se l f - f ie ld leaves 
t he se l f - f ocus ing magne t i c f ie ld in ­
t ac t . In pr inc ip le a foca l l eng th o f a 
f e w c e n t i m e t r e s is feas ib le at 1 
T e V w h i c h w o u l d w o r k f o r CLIC. 
Imper ia l Col lege L o n d o n is w o r k i n g 
w i t h CERN on ano the r idea, d e v e l ­
o p e d f o r examp le at Los A l a m o s , 
w h e r e a laser b e a m pre- ion izes 
p lasma in the b e a m channe l . Th i s 
cou ld a lso y ie ld a foca l l eng th o f 
a b o u t 5 c m . 

There is w o r k on p o w e r sou rces 
t o concen t ra te h igh p o w e r in to 
sho r t in terva ls o f t i m e . T h e o ld rad ­
ar techn ique of ' ch i r p i ng ' is back in 
v o g u e . Th is w o r k s by c r o w d i n g 

p o w e r at d i f fe ren t f requenc ies t o ­
gether . CERN is look ing at ch i rp ing 
in s u p e r c o n d u c t i n g w a v e g u i d e s . 
P o w e r s w i t c h i n g techn iques are a l ­
ready h ighly deve loped but need t o 
be taken fu r ther t o s w i t c h high cur­
ren ts at h igh vo l tage in nanose ­
c o n d s . 

The re are nove l c o n c e p t s under 
s t u d y a lso . One, p r o m p t e d by the 
ideja o f a s w i t c h e d p o w e r l inac, e n ­
v i sages a radial t r a n s f o r m e r s t ruc ­
tu re w h e r e p h o t o c a t h o d e s on the 
ou te r r im o f the acce lera tor p rov ide 
the p o w e r t o be ampl i f ied in to the 
cent ra l bo re . A n o t h e r idea w h i c h 
has been t e s t e d in the s a m e s t ruc ­
tu re is t o c o m b i n e d i f fe rent r e s o n ­
ant m o d e s in one coheren t m o ­
m e n t o f acce le ra t ion . Th is w i l l s o o n 
be t e s t e d in a supe rconduc t i ng 
s t ruc tu re at W u p p e r t a l . Fer roe lec t ­
ric c rys ta ls can deve lop huge 
charges on their sur faces and the 
poss ib i l i t y o f us ing the assoc ia ted 
f ie lds f o r acce lera t ion is be ing s t u ­
d ied in co l labora t ion w i t h T h e s s a -
lonika Un ivers i t y in Greece and Ka-

Polar ized (spin or ien ted) p r o t o n s 
w e r e acce le ra ted t o 18 .5 GeV last 
w i n t e r f o r a o n e - m o n t h phys i cs run 
at t he B r o o k h a v e n A l t e r n a t i n g Gra­
d ien t S y n c h r o t r o n (AGS) in the 
t h i r d r o u n d o f a p r o g r a m m e w h i c h 
has been s p a c e d ove r t he pas t f ou r 
yea rs . In th is la test run th ree exper ­
i m e n t s t o o k da ta , each s t u d y i n g 
large e f f ec t s seen earl ier and st i l l 
unexp la ined . ( T w o w e r e seen m u c h 
earl ier and p r o v i d e d t he i m p e t u s f o r 
po la r ized p r o t o n s at the AGS. ) 

One ' o l d ' e f fec t i nves t i ga ted w a s 
t h e large po la r iza t ion o f h y p e r o n s 
(heavier cous ins o f nuc leons and 
ca r ry ing t he s t r angeness q u a n t u m 
number ) f i r s t seen at Fermi lab 
( w i t h o u t po la r ized beams) . W i t h 
po la r i zed p r o t o n s , t he A G S s tud ies 
t e s t t he t rans fe r o f sp in f r o m the 
init ial p r o t o n t o t he p r o d u c e d h y p e -
r o n . Na ive ly , one e x p e c t s the l a m b ­
d a , w h e r e t he sp in is car r ied by the 
c o m p o n e n t s t range (s) quark , no t 
t o r e m e m b e r the paren t p r o t o n ' s 
s p i n , as t he re is no s -quark in t he 
p r o t o n (made o f ' u p ' and ' d o w n ' 
quarks ) . Th i s w a s c o n f i r m e d by a 
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EXTRA CLASS 
***** 

new VAT Right Angle Valves 

meet any wish 

• Metal body seal, re-usable 
• Metal bellows for a long lifetime 
• Operat ing pressures f rom high 

vacuum to 10 bar 

y/A u9ust 

# Nominal diameters 16, 25, 35, 40, 
50, 63 mm 

• ISO and rotatable CF flanges 
• Actuators: manual, manual-quick, 

pneumatic (spring to close or 
spring to open), all with visual 
position indicator 

Please ask for detailed information 
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CH-9469 Haag/Schweiz 
Telefon 085 70161 
Telex 855162 vat ch 
Telefax: 085 74830 



Top, measurements at the Brookhaven Al­
ternating Gradient Synchrotron of the way 
spinning protons bounce off each other con­
trast with spin-averaged behaviour (bottom). 
The arrows indicate the three combinations 
of proton spin orientations: up-up, down-
down, and up-down. 

R i c e / B r o o k h a v e n / J o h n s H o p -
k i n s / H o u s t o n / S E M a s s a c h u s e t t s 
co l l abo ra t i on t w o years a g o . 

N o w the s a m e g r o u p has i nves t i ­
g a t e d neutra l s i gma par t ic le p r o ­
d u c t i o n , w h e r e the s i g m a ' s up 
qua rk d o e s car ry s o m e o f t h e s p i n , 
a n d t he re fo re one e x p e c t s t he p r o ­
d u c e d par t ic le t o r e m e m b e r t he 
p r o t o n sp in d i rec t i on s o m e o f t he 
t i m e . 

W h i l e t he sp in t rans fe r ana lys is 
is st i l l u n d e r w a y , t he s imp le r m e a s ­
u r e m e n t o f a d i f fe ren t pa rame te r , 
t h e sca t te r i ng a s y m m e t r y , has 
been d o n e . Th is re f lec ts t he overa l l 
u p w a r d s - d o w n w a r d s m ix o f t he 
p r o t o n s ' sp in axes . T h e sca t t e r i ng 
a s y m m e t r y f o r neut ra l s i g m a s - ex­
p e c t e d t o be the s a m e as t he p o ­
lar izat ion o f inc lus ive ly p r o d u c e d 
l a m b d a s - w a s f o u n d t o be su rp r i s ­
ing ly sma l l , mak ing researchers 
eager t o see w h a t t he sp in t rans fe r 
ana lys is w i l l y ie ld . 

A s e c o n d e x p e r i m e n t i nves t i ­
g a t e d a large ' n e w ' sp in e f fec t o b ­
s e r v e d p rev ious l y at t he A G S by 
t h e M ich igan po lar ized t a rge t g r o u p 
w i t h an unpo la r ized b e a m o n a p o ­
lar ized ta rge t . T h a t g r o u p f o u n d a 
large a s y m m e t r y at large ang les 
w h e n p r o t o n s ' b o u n c e ' o f f po lar ­
ized p r o t o n s (elast ic sca t te r ing ) . 
T h e p resen t e x p e r i m e n t , by a 
B r o o k h a v e n / M i n n e s o t a / P e n n 
S t a t e / S o u t h e a s t e r n M a s s a c h u s e t t s 
g r o u p , reve rsed t he ro les o f b e a m 
a n d t a rge t , us ing the po lar ized p r o ­
t o n b e a m on an unpo la r i zed hy­
d r o g e n t a r g e t , and co l l ec ted e last ic 
sca t t e r i ng data at larger t r a n s v e r s e 
m o m e n t u m (squared - 7 G e V 2 ) . 

Over t e n years a g o at t he o ld A r -
g o n n e Z G S , p ioneer s tud ies f o u n d 
t h a t p r o t o n s w e r e f ou r t i m e s m o r e 
l ikely t o b o u n c e e last ica l ly f r o m 
o t h e r p r o t o n s at large ang les if 
the i r sp ins w e r e a l i gned . Th i s ef­
f e c t w a s no t and is no t under ­
s t o o d , a l t hough in t r igu ing n e w 

ideas have been pu t f o r w a r d . Th is 
sp in - sp in resul t led t o po lar ized 
p r o t o n phys i cs at t he A G S , and the 
f i r s t run a b o v e the 12 GeV avai l ­
ab le at t he ZGS t o o k place in 
1 9 8 6 . T h e success fu l po lar ized 
p r o t o n run th is year gave the M i c h i ­
gan po la r ized ta rge t g r o u p a m o r e 
de ta i l ed l ook at sp in -sp in e f f ec t s . 
Us ing a po lar ized p r o t o n b e a m 

and a po lar ized p r o t o n t a rge t , 
s tud ies c o n c e n t r a t e d on a h igh p re ­
c is ion angular d i s t r i bu t i on measu re ­
m e n t in t he m e d i u m t ransve rse 
m o m e n t u m reg ion w h e r e t he even t 
rate is h u n d r e d s o f t i m e s larger 
t han tha t at h igher t r ansve rse 
m o m e n t a . T h e th ree poss ib le sp in 
o r i en ta t i ons ( 'up ' p r o t o n sp ins 
b o u n c i n g o f f ' u p ' , ' d o w n ' o f f 
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' d o w n ' and ' u p ' o f f ' d o w n ' ) c o n ­
t ras t w i t h the behav iour seen in un ­
polar ized (spin averaged) p r o t o n -
p r o t o n sca t te r ing (data f i rs t o b ­
ta ined abou t 2 0 years ago at 
CERN). 

Th is sugges t s s o m e large e f fec t 
at m e d i u m t ransverse m o m e n t u m , 
inv is ib le in the unpo lar ized exper i ­
m e n t s , but s h o w i n g up c lear ly 
w h e n sp in is label led. Sp inn ing p r o ­
t o n s have no t ye t f in ished y ie ld ing 
thei r sec re ts . 

Keeping protons polarized 

Brookhaven ' s latest polar ized p r o ­
t o n phys ics run w a s p receded by a 
t h r e e - w e e k c o m m i s s i o n i n g e f fo r t . 
Keep ing the p r o t o n sp ins l ined up 
dur ing the accelerat ion cyc le is a 
c o m p l i c a t e d bus iness due t o b o t h 
hor izonta l f ocus ing f ie lds and t o 
magne t imper fec t ions w h i c h also 
g ive rise t o hor izontal f ie lds . 

These hor izonta l f ie lds typ ica l ly 
cancel in their e f fec t on the po lar i ­
za t ion , bu t resonances occur at 
cer ta in energ ies w h e n the e f fec t o f 
the f ie lds b e c o m e s cumula t i ve . ' I m ­
pe r f ec t i on ' resonances are avo ided 
by chang ing the orb i t o f the c i rcu­
lat ing b e a m using smal l magnet i c 
f ie lds wh i l e ' in t r ins ic ' resonances 
are avo ided by chang ing the tune 
of the mach ine . 

A n added comp l i ca t ion pre­
sen ted i tsel f w h e n the S iemens 
m o t o r genera tor set p o w e r i n g the 
A G S r ing magne ts deve loped a 
shor t . A v in tage backup genera to r 
(Wes t i nghouse ) , unused for 2 0 
years , cou ld on ly p rov ide enough 
p o w e r fo r an 18 .5 GeV run. 

The c o m m i s s i o n i n g success fu l l y 
nego t ia ted the 3 0 imper fec t i on de ­
polar iz ing resonances and the f ive 
intr insic resonances w h i c h mus t be 
c rossed t o achieve 18 .5 GeV. The 
phys ics run had 2 x 1 0 1 0 p r o t o n s 
every 2 .8 s e c o n d s , w i t h an aver­
age polar izat ion o f 4 2 per cent (80 
per cent being suppl ied by the l i -
nac). The ramp of the backup p o w ­
er supp ly w a s necessar i ly s l o w e r 
and increased the t ime spen t at re­
sonance energ ies , mak ing tun ing 
even m o r e t r i cky . One resonance 
w a s ex t reme ly sens i t ive and re­
qu i red f requen t retuning - unti l it 
w a s dec ided t o mis tune the reson ­
ance suf f ic ient ly t o comp le te l y rev­
erse the polar izat ion at tha t p o i n t ! 
Th is d id the t r ick , and three o ther 

resonances w e r e also f l i pped fo r 
the phys ics run . 

A s a resul t o f a cons iderab le a l ­
i gnmen t e f fo r t f o r main r ing m a g ­
nets and fer r i te quadrupo les (used 
t o j u m p intr insics) w h i c h t o o k place 
over last s u m m e r , beam p r o b l e m s 
(emi t tance g r o w t h w h e n intr insic 
resonances « re jumped) w e r e m i n ­
im ized. 

INDIANA 
Electron cooling ring 
in action 

A new proton storage ring with el­
ec t ron coo l i ng is be ing c o m m i s ­
s ioned at Indiana Un ivers i ty in the 
US. The coo l i ng s y s t e m came in to 
ac t ion on Ap r i l 1 6 , and a l ready the 
nex t day in te rac t ion o f the coo led 
b e a m w i t h an internal je t t a rge t 
w a s be ing s tud ied . 

Initial o f f - l ine t e s t s o f the elec­
t r o n b e a m on M a r c h 3 0 gave elec­
t r o n b e a m cur ren ts t o 1 A m p e r e 
(ca thode d iamete r 2 5 m m ) , ener­
g ies f r o m 5 0 t o 125 k e V , and ve ry 
g o o d cur ren t co l lec t ion (to 
9 9 . 9 8 % ) . T h e s y s t e m w a s so w e l l -
behaved tha t fu r ther of f - l ine t es t i ng 
w a s ha l ted and the coo l ing dev ice 
ro l led in to the r ing dur ing an e ight 
day break b e t w e e n tes t runs. 

Coo l ing ( smoo the r beam p roper ­
t ies) w a s o b s e r v e d as s o o n as t he 
e lec t ron and s t o r e d p r o t o n b e a m 
pos i t i ons and angles w e r e meas ­
ured and sh i f ted t o co inc ide . A l ­
t h o u g h the r ing has s t o r e d 1 0 9 p ro ­
t o n s , the f i rs t coo l i ng t e s t s w e r e 
carr ied o u t w i t h 1 0 7 t o 1 0 8 par t i ­
c les s t o r e d at the in ject ion energy 
o f 4 5 M e V , and e lec t ron beam cur­
ren ts f r o m 0 . 0 5 t o 0 .7 A . 

W i t h no rad io f requency , Scho t t -
ky s ignals s h o w e d the in jec ted f r e ­
q u e n c y sp read o f 0 . 0 6 % n a r r o w i n g 

BROOKHAVEN 
More light 
In February 1987, the X-ray 
ring of the US National Syn­
chrotron Light Source (NSLS) 
at Brookhaven was shut 
down for major improve­
ments to double (from 30 to 
60) the possible number of 
experiments and to boost 
machine performance. 

New equipment in the ring 
includes high brightness in­
sertion chambers, replacing 
six of the sixteen dipole va­
cuum chambers, and the La­
ser Electron Gamma Source 
(LEGS) experiment. 

In an impressive series of 
pre-recommissioning tests in 
April the revamped machine 
circulated, stored and stacked 
electron beam in seventeen 
hours, boding well for the 
restart of research this sum­
mer using 2.5 GeV beams. 
This follows an earlier upgra­
de of the NSLS ultra-violet 
ring. 
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in a f rac t ion of a s e c o n d t o 
0 . 0 0 3 % . W i t h r.f. at 6 MHz , the 
t ime spread of the beam w a s 
qu ick ly reduced t o less than 2 ns , 
and the beam l i fe t ime increased 
f r o m a s e c o n d or t w o t o over 4 0 
s e c o n d s . 

The n e w Cooler is in jec ted w i t h 
b e a m s f r o m the 2 Tes la -me t re 
i soch ronous cyc lo t r on at the India­
na Univers i ty Cyc lo t ron Faci l i ty 
(IUCF). It heralds a s e c o n d genera­
t i on of smal l coo led s to rage r ings 
fo r research in a t o m i c , nuclear, and 
part ic le phys ics . Several o ther r ings 
at He ide lberg , Uppsa la , T o k y o , and 
Aa rhus are schedu led t o c o m e in to 
opera t i on s o o n . 

The 8 6 . 8 2 m c i r cumfe rence is 
s imi lar t o tha t of the LEAR r ing at 
CERN, but has a smal ler magne t i c 
r ig id i ty o f 3 .6 Tes la -me t res (corre­
s p o n d i n g t o a m o m e n t u m o f 1.08 
G e V / c fo r s ing ly -charged part ic les) . 
Th is means that an unusual ly large 
f rac t ion o f the r ing is left o p e n fo r 
internal ta rge t expe r imen ts . 

The Cooler" can be f i l led by s t r ip ­
p ing l ight ions, or k ickers can be 
used t o inject beams w i t h o u t s t r ip ­
p ing . A f i rs t look at th is p rocess 
w a s ob ta ined on May 8 and 9 w i t h 
s to rage and coo l ing o f unpolar ized 
and then polar ized p r o t o n s of 148 
M e V f r o m the c y c l o t r o n . Th is gave 
essent ia l ly the same 3 keV energy 
spread as at 4 5 M e V , t ime spreads 
b e l o w 1.2 ns and beam l i fe t imes of 
3 t o 4 m inu tes . These t es t s w e r e 
carr ied ou t at l o w in tens i ty w i t h 
single tu rn in jec t ion. Longi tud ina l 
s tack ing of polar ized p r o t o n s and 
deu te rons , heavi ly used by the 
IUCF research c o m m u n i t y , is p lan­
ned fo r the au tumn . 

Acce le ra t ion in the Cooler w i l l 
ex tend the energy range of all i ons , 
and the e lec t ron coo l ing s y s t e m 
has been des igned t o ma tch any o f 
the s to red beams (requir ing elec­
t r o n kinet ic energies up t o 2 7 0 

keV) . t 

A l t h o u g h p r o t o n beams of IUCF 
energ ies have been avai lable f r o m 
acce le ra to rs fo r nearly f o r t y years , 
the super io r beam qual i ty o f the 
i soch ronous cyc lo t ron has made 
poss ib le a number of n e w resul ts 
f r o m IUCF and the o ther large cy­
c l o t r ons tha t began opera t ion in 
the m id 7 0 s . 

A c c o r d i n g t o Rober t E. Pol lock, 
one o f the Coo le r ' s des igners and 
i ts p ro jec t manager dur ing the c o n ­
s t ruc t i on years , p lans fo r e lec t ron -
coo led an t i p ro ton beams in LEAR, 
w i t h marked ly bet ter phase space 
dens i t y than the p r o t o n beams 
f r o m IUCF, w e r e a revelat ion (Jan­
ua ry /Feb rua ry issue, page 10). 

Internal ta rge t expe r imen ts can 
exp lo i t th is beam qual i ty , and the 
Cooler c o n c e p t w a s bo rn . 4 Of 
course the Novos ib i r sk (USSR) o r i ­
g ina to rs o f the e lec t ron coo l ing had 
an t i c ipa ted app l ica t ions such as 
t h o s e p lanned fo r the Cooler , bu t 
the Indiana g roup w a s the f i rs t t o 
g o fo r coo l ing w i t h internal t a rge -
t ry . 

One Cooler s t ra ight sec t ion has 
an expe r imen t w i t h a je t ta rge t 
ope ra t i ng at dens i t ies up t o 1 0 1 5 

a t o m s per square c m , and de tec ­
t o r s cove r ing the f o r w a r d c o n e , de ­
s igned fo r a p ion th resho ld meas ­
u remen t . The second s t ra ight sec­
t i on is used by a Mich igan g roup 
prepar ing a 'Siber ian snake ' t o 
fu r ther con t ro l the beam. A th i rd 
ta rge t loca t ion in the r ing has a 6 
degree bend t o separate react ion 
p r o d u c t s fo r an exper imen t by a 
Pi t tsburgh- I l l ino is co l labora t ion . 

The exper imenta l p r o g r a m m e 
a p p r o v e d so far inc ludes seven ex­
pe r imen t s , w i t h f i ve more t o be 
cons i de red . Future plans include a 
polar ized ta rge t , s p e c t r o m e t e r s in 
the r ing , and exper imen ts w i t h re­
coi l ions and t agged secondar ies . 

T h e Cooler pro jec t w a s f u n d e d 

by the US Nat ional Science Foun­
da t ion ($7 .7 mil l ion) and by the 
Sta te of Indiana ($4 mil l ion). 

MEETING 
Warsaw 1938-1988 

Each year the University of War­
s a w organ izes a o n e - w e e k mee t ing 
on theore t i ca l part ic le phys ics in 
the cha rm ing l i t t le t o w n of Kas im-
ierz on the V is tu la , 1 5 0 k m sou th 
of W a r s a w . These mee t ings are a 
l ively t e s t i m o n y t o the impor tan t 
w o r k on theore t ica l phys ics in Po­
land. 

T h e la test m e e t i n g , in M a y , 
b rough t t o g e t h e r abou t 1 2 0 par t ic i ­
pan ts , abou t half f r o m ab road , and 
ma rked the 5 0 t h ann iversary o f a 
m i l es tone mee t i ng in W a r s a w on 
n e w theor ies in phys i cs , w i t h c o n ­
t r i bu t ions f r o m Niels Bohr, Louis de 
Brog l ie , Lou is -Marce l Br i l louin, Sir 
A r t h u r E d d i n g t o n , Hendr ik Kramers , 
Oskar Klein and Paul Langev in . 

The 1 9 3 8 p roceed ings w e r e 
w i d e l y reread th is t i m e , and 1 9 8 8 
summar ize r Dav id Gross pre fer red 
t o summar i ze ins tead the 1 9 3 8 
m e e t i n g . Bes ides much d iscuss ion 
abou t the in te rp re ta t ion o f quan tum 
mechan i cs , in t h o s e days peop le 
w e r e t r y ing t o reconc i le the s t r ong 
nuclear f o r ce and the Fermi t heo ry , 
f o r m u l a t e d fo r w e a k nuclear f o r ces 
(beta decay) , but the on ly t rac tab le 
p ic ture avai lable at the t ime and the 
ob jec t of m u c h specu la t ion . 

The heavy part ic le pos tu la ted by 
Y u k a w a as the or ig in of s t r ong nu­
clear f o r ces w a s then w i d e l y be ­
l ieved t o have sp in ( intr insic angular 
m o m e n t u m ) o f one unit (the p i on , 
the f i rs t nuclear m e s o n t o be d i ­
s c o v e r e d , has zero spin) . M e a n ­
wh i l e the p h o t o n ('a dar ing abs t rac­
t ion ' ) w a s be ing assoc ia ted w i t h 
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VARIOFACE 
the interface solution The cable interface problem shown 

above is one that is frequently encoun­
tered in today's "high tech" industry. 
The increasing use of computer based 
systems' using multipin connectors for 
their I/O requirements does not take 
into account the process plants need for 
single core cabling. Whether its multi-
core being connected to individual 
screw, fasten, Wire-Wrap, TERMI-
POINT terminals: VARIOFACE is the 
answer. 

Having solved your passive interface 
problem VARIOFACE goes further. 
The control signal requirements of the 
process plant often varies from that of 
the PLC/PC system. The aligning of 
these various signal levels requires an 
active interface to allow the systems to 
communicate. VARIOFACE using a 
wide range of relays and opto-couplers 
achieves this. Devices designed to the 
European and American miniature relay 
standards makes the product acceptable 

for a worldwide market Standard units 
comprise 4/8/16 way. Multiples of these 
allow any system size to be accommo­
dated. Semi-special units are also avail­
able designed to specific requirements. 

HPHCENIX 
CONTACT 
Elektro-Phoenix AG Ringstr. 26 
8307 Tagelswangen • Tel.: 052/329091 
Tlx: 896199 • Fax 052/323788 



At the Kasimierz meeting, Lev Okun (left) 
with David Gross. 

(Photo M. Jacob) 

DESY 
HERA progress 

At the end of May, finishing 
touches were put to the last 
of the 400 standard magnet 
modules for the 30 GeV elec­
tron ring of the HERA elec­
tron-proton collider being 
built at the German DESY 
Laboratory in Hamburg. With 
its copper vacuum pipe, this 
14 metre module includes a 9 

metre dipole, a quadrupole, a 
sextupole and a correction 
magnet. 

At the beginning of June 
major components of a 52 
MHz radiofrequency system 
arrived from Chalk River, Ca­

nada, for installation in the 
PETRA ring where protons 
destined for HERA will be ac­
celerated from 7 to 40 GeV. 
Chalk River is also supplying 
the corresponding 52MHz 
system (two cavities) for the 
HERA ring itself, where four 
208 MHz cavities will reduce 
the bunches from 2 metres to 
60 cm. 

^ A 24 metre section of helium trans­
fer line for the 6.3 km supercon­
ducting proton ring of the HERA el­
ectron proton collider being built at 
the DESY Laboratory in Hamburg is 
eased down ten storeys before be­
ing put in position. 

zero sp in (it has sp in one) . 
Oskar Klein had p r o p o s e d a far-

reaching un i f i ca t ion s c h e m e en ­
c o m p a s s i n g the p h o t o n (the carr ier 
of e l ec t romagne t i sm) w i t h the t w o 
electr ical ly cha rged nuclear m e s o ­
ns , bu t changed it rapid ly w h e n in ­
f o r m e d tha t there w e r e also nuclear 
f o r c e s w h i c h cjjd no t pe rmu te elec­
tr ic charges . 

T h e 1 9 8 8 Kasimierz mee t i ng 
w a s c o n v e n e d by S. Pokorsk i and 
A . T r a u t m a n of W a r s a w , and 
organ ized by Z. A jduk . 

From Maurice Jacob 
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FERMILAB 
Looking 
for new particles 

Experiment 774 is a new Fermilab 
f ixed- target search for shor t - l ived 
neutral part ic les that couple t o the 
e lec t ron. The observa t ion of nar­
r o w e lect ron and pos i t ron peaks in 
heavy ion col l is ions (March issue, 
page 13) sugges ts the ex is tence of 
such ob jec ts and has focussed at­
ten t ion on a region of mass and 
l i fet ime where they cou ld exist and 
yet w o u l d not have been seen. 

Earlier searches (for example 
Fermilab Exper iment 6 0 5 and Ex­
per iment 141 at the Stan ford Li­
near Acce lera tor Center) f ound no 
t race of any n e w part ic les in the 
mass and l i fet ime range available t o 
t h e m . 

E-774 (a Fermi lab/ I l l inois/Kra­
k o w / N o r t h e a s t e r n / S t a n f o r d (SLAC) 
col laborat ion) explo i ts the excep­
t ional ly high energy and f lux of Fer-
mi lab 's W i d e Band Electron Beam 
t o probe an unexplored reg ion. 
During the recent f i xed- target run, 
t es t s ensured that E-774 could run 
s imul taneously w i t h the E-687 pho -
top roduc t i on exper iment wh i ch is 
the pr imary user of the beam, and 
logged 4 8 hours of data , wh i ch 
should already prov ide n e w l imi ts. 

It is a ' beam d u m p ' exper iment , 
w i t h the e lect ron beam hi t t ing a t o ­
tal ly absorb ing target ca lor imeter 
(the ' dump ' ) , look ing for e lect rons 
interact ing in the d u m p t o p roduce 
a l ight neutral part ic le, decay ing 
into an e lec t ron-pos i t ron pair s o m e 
d is tance d o w n s t r e a m . If a decay is 
t o be seen, the unstable neutral 
part ic le mus t f i rs t emerge un­
scathed f r o m the target ca lor imet­
er. Here the large relat ivist ic t ime 
di latat ion at high energy helps -

New computers arrive. Top, an IBM 3090-
400E for CERN (Photo CERN 297.5.1988), 
and (below) an Amdahl 5890 600E for Fer­
milab. 
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Fermilab gets a kick 
out of 

Spellman power supplies 

The abort system "kicker" magnets in 
the Fermilab accelerator require high 
voltage programmable 
energy sources. This 
energy is provided by 25 
Spellman HV power sup­
plies which maintain a 
precise charge across 
the storage capacitors. 

Our resonant con­
verter HV supplies are in­
stalled in a wide variety of applications 

Photo: Courtesy of Fermilab 

throughout the world. Spellman offers you 
the best there is in high power at high 

voltage. You also enjoy 
competitive pricing, and 

miniaturization which saves 
up to two-thirds of the usual 

space requirements.Con­
tact us for complete infor­

mation on Spellman power 
supplies from 1W to 30kW. 

We know that you'll get a 
kick out of our incomparable performance. 

Spellman 
• High Voltage Electronics Corp. 

Leading the way in high voltage technology 
7 Fairchild Ave., Plainview, NY 11803 
(516) 349-8686 
TWX 510-221 -2155 FAX (516) 349-8699 
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Science and the humanities 

t he l i fe t ime o f a 2 M e V m a s s , 2 0 0 
G e V ene rgy par t ic le is inc reased 
1 0 0 , 0 0 0 - f o l d . 

T h e ta rge t ca lo r ime te r a lso has 
t o be as sho r t as poss ib le . It uses 
t u n g s t e n p la tes i n s t r u m e n t e d w i t h 
sc in t i l la t ing f ib re r i b b o n s , 2 0 0 m i ­
c r o n s th i ck (May issue , page 29 ) 
f o r f r equen t s a m p l i n g , bu t w i t h t h e 
s a m p l i n g mater ia l c o m p r i s i n g on ly 
6 % o f the t o ta l t h i c k n e s s . D o w n ­
s t r e a m , a s imp le neutra l decay 
s p e c t r o m e t e r is f o l l o w e d by a t r i g ­
ger ca lo r ime te r . T h e ta rge t and 
t r i gge r ca lo r ime te rs w e r e in p lace 
f o r t he t e s t run , bu t no t t he spec ­
t r o m e t e r . 

Galileo's first paper for the Accademia del 
Lincei (1613). 

In A u g u s t 1 6 0 3 , Feder ico Ces i , 
f r o m a w e a l t h y Umbr ian f am i l y , and 
th ree c o m p a n i o n s f o u n d e d T A c -
cademia dei L ince i ' (lynx) t o d i s c o v ­
er and inves t iga te t he 'g rea t t hea t re 
o f Na tu re ' . A f t e r a d e m i s e in 1 6 5 1 , 
t he p resen t Nat iona l A c a d e m y w a s 
se t up in 1 8 7 4 , and has g o n e o n t o 

play an i m p o r t a n t ro le in f o s t e r i n g 
p h i l o s o p h y and ph i l o logy in I taly, 
w o r k w h i c h has g o n e on t o leave 
i ts m a r k fu r the r a f ie ld . 

A f t e r hav ing been on v i e w at 
severa l v e n u e s in I ta ly, an exh ib i ­
t i on 'Feder i co Cesi and the Founda­
t i o n o f t he A c c a d e m i a dei L ince i ' , 

• i 

L o 1 U K 1 A 
El X) IM O S* TT Jk. 'j—j 1O 1ST I 

INTORNO ALLE MACCHIE SOLARI 
E LORO A C C I D E N T ! 

C0MPRESE IN T RE LETTERE SCRITTE 

A L L ' I L L V S T I U S S I N f O S I G N O R 

M A R C O V E L S E R I L INCE O 
... D Y V M V I R O D ' A V G V S T A 

C O N S I G U E R O D I SVA MAESTA CESARJtA 
: D A L SI G N 0 R 

GALILEO GALILEI LINCEO 
Nobil Fiorcnrino, Filofofo,e Matcmttko Pr'mario del$<rtnifs, 

D. COSIMO II. GRAN DVCA DI TOSCANA. 
Si aggiungopo ncl fine k Lcttcrc, e Difquif iz ioni del finto A£c!le. 

I N R O M A , ApprcfTo Giacomg M a f c a r d i . M P C X I I I . 

. C O AT LICEN 2 A DM' SFYbRIQ&I. 
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Robert Wilson - 'where there is beauty, 
there is humanness'. Rene Thorn - 'hard' and 'soft' sciences 

w a s m o u n t e d , f o r t he f i r s t t i m e 
o u t s i d e I ta ly, at CERN in M a y . Re­
f l ec t i ng the basic insp i ra t ion c o m ­
m o n t o all human e n d e a v o u r t o ex­
t e n d k n o w l e d g e , t h e exh ib i t i on w a s 
m a r k e d a lso by a S y m p o s i u m o n 
t he Un i t y and In te rna t iona l i sm o f 
t he Sc iences and t he Human i t i es , 
s p o n s o r e d by the CERN Sc ience 
and Soc ie t y Seminar and t he I s t i tu -
t o I ta l iano per gli S tud i F i loso f i c i , 
and in c o o p e r a t i o n w i t h t h e CERN 
Sta f f A s s o c i a t i o n . 

Speake rs , d r a w n f r o m a w i d e 
c r o s s - s e c t i o n o f d i sc ip l i nes , paused 
f o r a m o m e n t f r o m the i r e v e r y d a y 
researches and gave the i r v i e w s o n 
t he basic un i ty o f t he q u e s t f o r 
k n o w l e d g e , and i ts c o n s e q u e n c e s , 
in te l lectual i n te rna t iona l i sm and t he 
resu l tan t w o r l d w i d e re la t ionsh ips 
o f unde rs tand ing and c o o p e r a t i o n . 

Lincei V i ce -Pres iden t Edoa rdo 
A m a l d i cha i red and f i rs t d a y ' s p r o ­
c e e d i n g s , and G iovann i Pugl iese 
Carrate l l i , D i rec to r o f t he I s t i t u to 

I ta l iano.per gli S tud i F i losof ic i , Na­
p les , i n t r o d u c e d the sess ion by 
po in t i ng ou t the c o m m o n r o o t s o f 
in te l lec tua l d isc ip l ines - t he ' sea rch 
f o r t r u t h ' - charac ter ized by d i f fer ­
en t research t echn iques . 

Scu lp to r , a rch i tec t and f o r m e r 
Fermi lab D i rec to r Rober t W i l s o n 
s t r e s s e d t h e human qual i t ies tha t 
t o p f l igh t sc ience b r ings . A l t h o u g h 
' n o f l o w e r b l o o m s and no b i rds 
s i n g ' in p h y s i c s , t he research 
b r ings a w h o l e e m o t i o n a l s p e c t r u m 
' p a s s i o n , hear tb reak , j ea lousy , ec­
s tasy , . . . ' . Beauty is e m b o d i e d in 
t he l a w s o f phys i cs - ' l ike p o e m s ' 
- w h i l e s y m m e t r y has equal appea l 
f o r sc ien t i s t and ar t is t a l ike. 

W i l s o n emphas i zed the use fu l ­
ness o f popu la r sc ience f o r b r i d g ­
ing t he gap b e t w e e n the in i t ia ted 
and t he p r o f a n e , and a d v o c a t e d i n ­
c reased c ross -d i sc ip l i na ry c o n t a c t 
in un ivers i t i es . 

Fo rmer CERN Research D i rec to r 
General Leon V a n Hove ( 'F rom 
C o s m o l o g y t o Part ic le Phys ics ' ) 
s h o w e d h o w the l a w s o f phys i cs 
ho ld g o o d f r o m the largest sca les 
( 1 0 3 6 c m ) t o the sma l les t ( 1 0 ~ 1 7 c m ) , 
t he span hav ing been e x t e n d e d by 
a f a c t o r o f 1 0 1 4 on ei ther s ide in 
t he last cen tu r y f r o m the c lass ical 
' beaut i fu l l y aus te re ' N e w t o n i a n p ic­
tu re o f g rav i t y . 

V a n Hove s h o w e d h o w the o b ­
se rva t i ons o f last yea r ' s supe rnova 
d ramat ica l l y i l lus t ra ted the in terp lay 
o f g rav i ta t i on w i t h the w e a k and 
s t r o n g nuclear f o r c e s , d e m o n s t r a t ­
ing the c o m p l e m e n t a r i t y o f t he dif­
fe ren t f o r c e s at w o r k in Nature , and 
p rov id i ng a n e w as t ronom ica l w i n ­
d o w on bu lk nuclear e f fec ts . 

T h e s e c o n d d a y ' s s e s s i o n , 
cha i red by Olivier Reverd in o f t he 
Un ivers i t y o f Geneva , began w i t h 
Remo Bode i o f Pisa examin ing the 
c o n t e m p o r a r y ph i losoph ica l v i e w o f 
c ross -d isc ip l i na ry reason ing . 'Ph i ­
l o s o p h y is no longer queen o f the 

sc iences , ' he c l a imed . W h i l e inher­
i t ing m u c h ' m o r i b u n d ' k n o w l e d g e , 
ph i losoph ica l app roaches can st i l l 
help c lar i fy c o n c e p t s , add ing c o h e ­
s ion and b i te . 

Rene T h o r n , p ioneer o f ca tas t r o -
phy t h e o r y , i l lus t ra ted the inherent 
d i f fe rences b e t w e e n ' h a r d ' 
sc iences w i t h exac t l aws and ' s o f t ' 
desc r ip t i ve sc iences . The ri f t be ­
t w e e n m a t h e m a t i c s and eve ryday 
language is a coro l la ry , and w a y s 
o f b r idg ing th is desc r ip t i ve gap 
w o u l d help in the dr ive t o make the 
w o r l d m o r e inte l l ig ib le. 

G i ro lamo C o n t r o n e o of Mess ina 
( T h e re la t ion b e t w e e n ph i l osophy 
and human sc iences ' ) l ooked at t he 
soc io log ica l p rerequ is i tes f o r n e w 
theo r i es , and exam ined the d i cho ­
t o m y b e t w e e n t he specu la t i ve and 
sc ient i f ic a p p r o a c h e s w h i c h s e e m s 
t o character ize m o d e r n cu l tu re . 

M a n f r e d Eigen of the M a x Planck 
Ins t i tu te f o r B iophys ica l Chemis t r y 
in Go t t i ngen f o c u s e d on the inter-
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People 
and things 

Manfred Eigen - the physics of biology 

face b e t w e e n chemis t ry and b io lo ­
gy , s h o w i n g h o w certain hyd rogen 
bond ing (comp lementa ry base pair­
ing) marks the th resho ld w h e r e m o ­
lecules can be regarded as t ru ly 
'b io log ica l ' rather than inert ly 
chemica l . 

He descr ibed v iv id s imula t ions o f 
cell reproduc t ion w h i c h s h o w h o w 
the 'error ra te ' of cell mu ta t i on 
c o m p o u n d s t o p roduce n e w e f fec ts 
- evo lu t ion - in a w a y very remin ­
iscent of phase changes in physica l 
chemis t ry . A t a certa in s tage , the 
in fo rmat ion held in the cells ' m e l t s ' , 
and n e w mutan ts emerge ( 'survival 
of the f i t tes t ' ) . 

During the t w o days of the s y m ­
p o s i u m , many deep and t hough t -
p rovok ing ideas w e r e a i red, and 

wi l l be available t o a w ide r au­
d ience w i t h the publ icat ion of the 
p roceed ings . ' W e have p lanted 
s o m e t rees , ' said Ugo A m a l d i , one 
of the pr ime move rs behind the 
s y m p o s i u m , 'o thers wi l l have t o be 
added t o make a real f o res t . ' 

On people 

A recent symposium at the University of 
California at Los Angeles marked the 70th 
birthday of Julian Schwinger (third from 
right, front row). 

On 15 May, Carlo Rubbia, Physics 
Nobel Prizewinner with Simon van 
der Meer in 1984, Director-Gener­
al-Designate of CERN and Higgins 
Professor of Physics at Harvard, re­
ceived the degree of Doctor of 
Science, honoris causa, from Bos­
ton University. 

On 12 April Dubna's scientific 
community celebrated the 75th 
birthday of eminent Soviet scientist 
Venedikt Petrovich Dzhelepov. He 
was among the leading organizers 
of the Soviet national high energy 
physics centre which grew into 
Dubna's International Joint Institute 
for Nuclear Research, where he has 
been Director of the Laboratory of 
Nuclear Problems since 1956. 
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Faculty Position 
Experimental Particle Physics 
University of Oregon 
The Department of Physics at the University of Oregon 
invites applications for a tenure track faculty position in 
experimental particle physics. The appointment will be at 
the Assistant Professor level, although an outstanding 
candidate may be considered at the Associate Professor 
level. The appointment wil l begin in September 1989, 
adding a second member of the program in experimental 
particle physics that has been started this year. The new 
group is working on the construction of the SLD detector 
at SLAC and on SSC R & D projects. W e expect the new 
faculty member to join research efforts on SLD. The appli­
cant is expected to have a solid record of research accom­
plishments. The Department already has an active re­
search group in theoretical particle physics, has experi­
mental programs in several other areas and has good 
experimental shop facilities. 
Applicants will be considered as they are received wi th 
a closing date of January 1, 1989. Applicants are re­
quested to provide a curriculum vitae, a list of publica­
t ions, and a brief statement of research interests and 
plans, and to arrange to have three letters of recommen­
dation sent to the search committee. Inquiries, applica­
tions and recommendation letters should be addressed 
t o ; 

Jim Brau, 
Department of Physics, 
University of Oregon, 
Eugene, Oregon 97403 USA, 
phone (503) 686-4751. 

The University of Oregon is an Equal Opportunity/Affir­
mative Action Employer. 

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

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

Florida State University 

The Physics Department is seeking qualified candi­
dates for a tenure-track facul ty posi t ion. The exper­
imental group has made major commitments to the 
collider programs, DO ( F E R M I L A B ) and A L E P H 
( C E R N ) , and the candidate is expected to have 
compatible research interests. The research group 
has close association w i t h the Supercomputer Com­
putat ions Research Inst i tu te w i t h access to a CY­
B E R 205 and ETA-10 supercomputers as well as 
a number of VAXes. Appl icants should submit a 
resume, the names of at least three references and 
a statement regarding teaching and future interests 
to 

Prof. Donald Rob son, Chairman 
D e p a r t m e n t o f P h y s i c s 

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

U . S . A . 

For further information call (904)6441492 
The Florida, State University is an Equal Opportu­
nity, Affirmative Action Employer. 

University of Geneva 

The Department of nuclear and particle physics announ­
ces an opening, beginning October 1st 1989, for a posi­
tion of 

FULL PROFESSOR 
in 
EXPERIMENTAL ELEMENTARY 
PARTICLE PHYSICS 
Teaching in French of introductory physics and particle 
physics; Research activity in high energy physics. 

The applicant should have a PhD in physics - or an equi­
valent degree - and experience in physics teaching and in 
leading a research group in experimental elementary par­
ticle physics. 

Letters of application, including a "curriculum vitae and a 
list of publications should be addressed before 15th Sep­
tember 1988 t o : 

Secretariat de la Faculte des Sciences 
20, quai Ernest-Ansermet 
CH-1211 Geneva 4 
Switzerland, 

where additional information may be obtained. 

The high energy physics group of the 

UNIVERSITE DE MONTREAL 
presently active in the OPAL collaboration at LEP and in the 
HELIOS collaboration at the SpS at CERN, invites applications for 
three different posi t ions: 

1) Senior high energy experimental physicist. 
This position is a tenured appointment for an accomplished 

physicist. Apart f rom the teaching and research activities 
normally required, the ideal candidate should have proven 
capabilities in leading a major research team within a large 
collaboration. 

2) Experienced physicist in experimental 
particle physics. 

This position, funded by TRIUMF, is not dependent upon 
funding for individual projects and involves the possibility of 
a stable appointment. The ideal candidate should have seve­
ral years of active research experience in high energy phy­
sics after his doctorate. Preference wil l be given to appli­
cants w i th experience in e + e _ collider physics. The success­
ful candidate will join the OPAL collaboration. 

3) Postdoctoral fellow in high energy physics. 
The candidate will join the group involved in the OPAL pro­

ject. Preference wil l be given to physicists wi th experience in 
e + e _ collider experiments. 

All candidates should be willing to learn French, since this is the 
work ing language in our laboratory. Please send applications and 
CV's t o : 
Hannes Jeremie 

Laboratoire de Physique nucleaire 
Universite de Montreal, C P . 6128 
Montreal, Que. H3C 3J7 
Canada 
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V.P. Dzhelepov, Director of the Dubna Labo­
ratory for Nuclear Problems, celebrated his 
75th birthday in April. 

Erich Vogt (left), Director of the Canadian 
TRIUMF Laboratory in Vancouver, shows a 
model of the proposed TRIUMF KAON parti­
cle 'factory' to British Columbia Premier W. 
Vander Zalm (centre) and Advanced Educa­
tion Minister S. Hagen. 

A wards 

The 1988 American Physical So­
ciety Prizes included: the Tom W. 
Bonner Prize to Raymond Davis of 
Pennsylvania for his use of nuclear 
reactions to detect neutrinos; the 
Dannie Heineman Mathematical 
Physics Prize to Julius Wess of 
Karlsruhe and Bruno Zumino of Ber­
keley for their work on supersym-
metry (April issue, page 31); the 
W.K.H. Panofsky Prize to Charles 
Prescott of the Stanford Linear Ac­
celerator Center for his role in the 
experiment demonstrating the in­
terference between weak and elec­
tromagnetic interactions; the J.J. 
Sakurai Prize to Stephen Adler of 
the Institute for Advanced Study 
for his work in chiral symmetry; 
and the Robert R. Wilson Prize to 

CERN Director General Designate Carlo Rub-
bia (right) with Italian Minister for Scientific 
Research and Universities Antonio Ruberti at 
the opening of the 'Italy at CERN' trade exhi­
bition at CERN on 31 May. 

(Photo CERN 544.5.88) 
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Stanford Linear Accelerator Center 
SLAC 

Cryogenics Engineer 
Stanford Linear Accelerator Center, one of the world's 
leading physics research facilities located in the San Fran­
cisco Bay Area, has an opportunity for a Cryogenics Engi­
neer to design cryogenics apparatus and systems, inclu­
ding superconducting magnets, particle physics detec­
tors, and helium liquifaction. Your assignments will be the 
liquid argon cryogenics system and a set of t w o super­
conducting quadrupole triplets to focus the Collider 
beams for the new SLD detector now being constructed. 
You'll also be responsible for supervising engineers and 
designers, preparing and monitoring the budget and 
schedule, coordinating installation and commissioning. 

You must have an MSME or equivalent plus a minimum 
2 years' experience in designing cryogenics apparatus 
and systems, including thermodynamic and heat transfer 
analysis. Project management and supervisory experien­
ce as well as a familiarity wi th machine shop practice are 
desirable. 

Please send your resume to Job # 5247. 

Stanford Linear Accelerator Center, 
P.O. Box 4349, Bid. 11 , 
Stanford, CA 94309. 

Equal opportunity through affirmative action. 

ARBEIT 
Wiinschen Sie ein neues Leben? 

Suchen Sie eine Arbeit im Ausland? Dieses Buch ist was 
Sie brauchen. 

Hier bekommen Sie alle Auskunfte und Adressen zu etwa 
1000 Unternehmen und Stellenvermittlungen. Wir erlau-
ben uns, Ihnen gleichzeitig das Buch anzubieten, das fur 
jeglichen Bewerber einfach eine notwendige Vorausset-
zung ist. 

Es enthalt alles; von der Bewerbung bis zum Anstellungs-
vertrag, Auskunft uber Arbeitserlaubnis, Visa, Klima, 
Lohn- und Wohnverhaltnisse in Europa, den USA, Kana-
da, Westindien, Australien und dem Fernen Osten. Es 
gibt Arbeiten wie z.B. Metall, Olindustrie, Gartenbau, 
Fahrer, Reiseleiter, Hotel und Restaurant, Aupair, Luxus-
Kreuzfahrten. 

Wenn Sie interessiert sind, fragen Sie schriftlich nach 
unserer Freibroschure mit weiterer Auskunft, die in 
Deutsch und Englisch erscheint. Schreiben Sie an: 

Q Freibroschure 

• Buch « Arbeit im Ausland » 
Preis: DM 4 5 . -

EUROPA BOKFQRLAG AB 
Box 2014 S-135 02 Tyreso Sweden 

N.B. Wir vermitteln keine Arbeiten I 

UIMIVERSITE DE NEUCHATEL 
Faculte des Sciences 

DIRECTEUR DE RECHERCHE 
Applications are invited for a "Directeur de Recherche" 
position with the Physics Institute of the University of 
Neuchatel. The holder of the position will join the nuclear 
and particle physics group, and participate in the experi­
mental activities defined in the research plan. The group is 
presently involved in experiments at CERN, PSI/SIN and 
at the Gotthard underground laboratory. 

Candidates should have a Ph.D. in physics or an equiva­
lent tit le, and several years of experience in particle and 
nuclear physics. The appointment is for period of 4 years 
beginning January 1, 1989, and can be renewed every 
4 years. 

Additional information can be obtained from 

Prof. J.L. Vuilleumier, 
Institut de physique, 

A.-L.-Breguet 1, 
CH-2000 Neuchatel, Switzerland. 
Applications with a resume, a list of publications and 
references should be sent until August 3 1 , 1988, to the 
Departement de linstruction publique du canton de 
Neuchatel, Chateau, CH-2001 Neuchatel, Switzer­
land. 

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

Professors 
R. Engelmann/M. Rijssenbeek, 
c/o Physics Department, 
SUNY Stony Brook, 
Stony Brook, 
NY 11794-3800, USA. 

SUNY Stony Brook is an affirmative action/equal opportunity 
educator and employer. AK # 103. 
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Donald Kerst of Wisconsin for his 
many contributions to accelerator 
physics. 

Books 

The proceedings of the inter­
national conference marking the 
40th anniversary of the discoveries 
of the pi- and V-particles, held at 
Bristol last July (October 1987 is­
sue, page 11) have been published 
by Adam Hilger (Bristol and Phila­
delphia). The invited papers pro­
vide a fascinating glimpse into the 
particle physics techniques, and 
life, of yesteryear. Entitled '40 
Years of Particle Physics', the book 
is edited by B. Foster and P.H. 
Fowler. 

Meetings 

The 8th International Symposium 
on High Energy Spin Physics will be 
held at the University of Minnesota, 
Minneapolis, from 12-17 Septem­
ber. Topics will include Symmetries 
and Spin, Static Properties of Lep-
tons and Hadrons, Weak Decays, 

Hadron and Lepton Interactions, El­
ectron Accelerators, Hadron 
Beams, Hadron Sources, Hadron 
Polarimeters, and Targets. Work­
shops on Theory (6-10 Septem­
ber), Polarized Electron Sources 
and Polarimeters (8-9), Depolarizing 
Corrections in Future Accelerators 
(10-11) and Polarized Gas Targets 

for Storage Rings (10-11) will also 
be held in Minneapolis preceding 
the Symposium. Further informa­
tion from Sandy Smith, Conference 
Secretary, School of Physics and 
Astronomy, University of Minneso­
ta, Minneapolis, Minnesota 55455, 
USA, telephone (612) 624-7886, 
bitnet SPIN88 at UMNACVX. 

Electronic Mail 

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

COURIER@CERNVM 

Contributions coming in 
through electronic mail are 
edited on the screen, and are 
now coded for typesetting be­
fore being sent to the printer 
through a telephone mod­

em link, making for increased 
flexibility. 

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

MONIKA ©CERNVM 

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

For advertising, the contact is: 

FAL@CERNVM 



CRYSTAL BALLS? 
X?34621 
T h e u n i q u e a n s w e r to crys ta l bal l 
r e q u i r e m e n t s . D e v e l o p e d for K f K ' s 
neu t r i no e x p e r i m e n t , 
t h e X P 3 4 6 2 o f fe rs a c o m b i n a t i o n of r ise 
t i m e and e n e r g y reso lu t i on u n e q u a l l e d 
by o t h e r 3 " P M T s . 

t r = 3 ns, a n o d e pu lse r ise t ime for de l ta - func t ion l ight pu lse 
R E = 1 0 % for 5 7 C o and 3" x 3" Nal (Tl) scint i l lator 
G = 1 0 6 a t 1 5 0 0 V 
Pulse l ineari ty w i th in 2 % up to 100 m A . 

Plastic ball photo courtesy of LBL/GSI 

We've set the standard for over 20 years 
Phil ips Elect ron ic C o m p o n e n t s and Mater ia ls D iv is ion, 5600 MD E indhoven , The Ne the r l ands . Te lex 3 5 0 0 0 phtc nl 
In the U.S.A.: A m p e r e x E lec t ron ics Corpo ra t i on , Hicksvi l le NY 11802 , (516) 931 - 6 2 0 0 

Electronic 
components 
and materials 



Dielectric High Power RF 
Systems, built on 40 years 
of engineering experience. 
Dielectric Communications—a pioneer in the 
development of RF coaxial transmission systems 
during WWII—is still innovating with advanced, 
high power RF technology today. 

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

Dielectric Communications • Raymond, ME 04071 • (800) 341-9678 • FAX: 207-655-4669 • TWX: 710-229-6890 

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

Components 
• High Power Waveguide and 

Components 
• High Power Vacuum 

Components 

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



THE FURTHER WE GO, 
THE FURTHER YOU GO. 

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

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

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

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

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

Thomson-CSF is 

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

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

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

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

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

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

THOMSON-CSF 

Division Tubes Electroniques 

38, rue Vauthier - BP 305 

F 92102 BOULOGNE-BILLANCOURT CEDEX 

Tel.: (33-1) 49 09 28 28 - Telex : THOMTUB 2 0 0 7 7 2 F 

Fax: (33-1) 46 04 52 09. Brasih SAO -PAULO 
Tel.: 155 11)54247 22 
Tx: [11) 24226 TCSF BR 

Italia: ROMA 
Tel 139 6 ) 6 3 9 0 2 4 8 
Tx - R?nfi83 TH0MTE I 

Canada: MONTREAL 
Tel (1-514)28841 48 
Tx 5560248 TESAFI M T L 

Japan:TOKYO 
Tel 1813)264 6346 
1x 2324241 THCSFJ 

Deutschland: M U N C H E N 
Tel. : (49-89)78 79-0 
Tx : 522916 CSF D 

Sverige: TYRESO 
lei.. (45-8)742 0210 

Espana: MADRID 
Tel.: (34-1)4051915 
Tx: 4BD33TCCE E 

United-Kingdom: BASINGSTOKE 
Tel. : (44 256 )8433 23 
Tx : 858121 TECLUKG 

France: BOULOGNE BILLANC0URT 
Tel.: (33-1)49 09 28 28 
Tx : TH0MTUB 200772 F 

U.S.A.: DOVER N.J. 
Tel.: (1-201)328-1400 
Twx: 7109877901 


