
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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W a n d e l & G o l t e r m a n n 

Electronic Measurement Technology 

The new DA-20 is different. New style 
design, new features. Ready for ISDN, 
compact and versatile. The DA-20 is a 
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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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