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The purpose of t h e t a l k 

The purpose of t h i s i n t r o d u c t o r y t a l k , 
a s I u n d e r s t a n d i t , i s t o g i v e an overview 
of p a r t i c l e p h y s i c s which would s e r v e a s a 
k ind of a backdrop f o r t h e subsequen t s t a g e 
pe r fo rmance of a v a r i e t y of a c c e l e r a t o r i d e -
a s and p r o j e c t s a t t h i s C o n f e r e n c e . 

F i r s t of a l l I have t o choose t h e g e n e -
r a l t o n e , t h e c o l o r s of t h e b a c k d r o p . Should 
i t be ma in ly b r i g h t and o p t i m i s t i c , o r m a i n -
l y gloomy and p e s s i m i s t i c ? 

Why gloomy? 

I n t h e d i s c u s s i o n s one can h e a r a l o t 
of p e s s i m i s t i c a r g u m e n t s . 

One of t h e s e gloomy a rguments i s t h a t 
we have such a b e a u t i f u l s t a n d a r d SU(3) × 
SU(2) × U(1) gauge t h e o r y of s t r o n g and 
e l e c t r o w e a k i n t e r a c t i o n s . Not a s i n g l e 
exper iment d u r i n g t h e s e v e n t i e s and e i g h t i e s 
was a b l e t o f i n d even a minor f l a w i n t h i s 
t h e o r y . And i t i s n o t much f u n t o r e p e a t e d -
l y c o n f i r m and s u b s t a n t i a t e t h e c o r r e c t n e s s 
of a t h e o r y which i s g e n e r a l l y b e l i e v e d t o 
be c o r r e c t . 

Moreover, some c o m p u t a t i o n a l e x t r e m i s t s 
c l a im t h a t t o t e s t a t h e o r y you d o n ' t need 
a c c e l e r a t o r expe r imen t s a t a l l : you can 
manage by p e r f o r m i n g on ly computer experiments. 

The most a c t i v e young t h e o r i s t s have 
d e s e r t e d t h e f i e l d of a c c e l e r a t o r p h y s i c s . 
En tang led i n s u p e r s t r i n g s , t h e y work i n 2 , 
10, 2 6 , . . . 506 d i m e n s i o n s , and avo id t h e 
t r i v i a l everyday problems of t h e four--dimensional 

world where humble phenomenologists, 
e x p e r i m e n t a l i s t s and a c c e l e r a t i s t s 

a r e doomed t o work. 
The s u p e r s t r i n g e r s o p e r a t e w i t h e n e r g i e s 

measured by t h e P lanck mass , which w i l l 
n e v e r be r eached by any man-made a c c e l e r a t o r . 
So i t seems t h e i r exc i t emen t would no t f i n d 
any p o s i t i v e r e s p o n s e i n t h i s a u d i e n c e . 

Our ea r thbound a c c e l e r a t o r l a b o r a t o r i e s 

w i l l n e v e r be a b l e t o compete w i t h t h e 
Superh igh Energy L a b o r a t o r y of t h e E a r l y 
U n i v e r s e . Cosmology and a s t r o p h y s i c s 
p r o v i d e us w i t h un ique f u n d a m e n t a l d a t a . 

A s e r i o u s c h a l l e n g e t o a c c e l e r a t o r 
p h y s i c s comes f rom underground l a b o r a t o r i e s 
l o o k i n g f o r p r o t o n d e c a y , d o u b l e - b e t a d e c a y , 
e l e c t r i c cha rge n o n c o n s e r v a t i o n , n e u t r i n o s 
f rom t h e Sun, and r e p o r t i n g on such 
m y s t e r i o u s c r e a t u r e s a s ug ly c y g n e t s f rom 
Cygnus X3. 

Now t h i n k abou t two o ld bu t h e a l t h y 
r e l a t i v e s and r i v a l s of a c c e l e r a t o r p h y s i c s : 
low energy n u c l e a r p h y s i c s and cosmic r a y 
p h y s i c s . The f o r m e r p romises such d i s c o v e -
r i e s a s t h e n e u t r i n o mass and n e u t r i n o 
o s c i l l a t i o n s , n e u t r o n - a n t i n e u t r o n 
o s c i l l a t i o n s and a x i o n - l i k e p a r t i c l e s . The 
l a t t e r u se s a f l u x of h i g h energy p a r t i c l e s 
which i s p rov ided f r e e of c h a r g e . 

The words " f r e e of c h a r g e " remind us 
of governments which a r e r e l u c t a n t t o g i v e 
money f o r t h e c o n s t r u c t i o n of new a c c e l e r a -
t o r s , which a r e v e r y e x p e n s i v e . As a r e s u l t , 
some bo ld p r o j e c t s a r e kep t i n an embr ion ic 
s t a t e f o r q u i t e a few y e a r s . And on t o p of 
t h a t we have a c e r t a i n r e p o r t which 
recommends a l l o c a t i n g a q u a r t e r of t h e 
p r e s e n t h i g h energy p h y s i c s budget t o our 
c o l l e a g u e s working i n b i o l o g y , c h e m i s t r y , 
s o l i d s t a t e p h y s i c s e t c . 

So i t seems t h e r e a r e enough r e a s o n s 
f o r pess imism. And n e v e r t h e l e s s I ' m go ing 
t o g i v e an o p t i m i s t i c ove rv iew. My c o l o r s 
w i l l be b r i g h t . 

Why b r i g h t ? 

For me t h e main s o u r c e of optimism i s 
t h e " l o o s e ends" of t h e o r e t i c a l p h y s i c s . 
F i r s t of a l l we a r e now c l e v e r enough t o 
u n d e r s t a n d t h a t t h e gauge p r i n c i p l e s of 
t h e s t a n d a r d t h e o r y a r e only p a r t of t h e 
t r u t h . 

We know t h a t below a few TeV t h e r e must 



e x i s t S c a l a r l a n d - t h e l and of s c a l a r bosons 
where gauge symmet r i e s a r e v i o l a t e d and 
masses of a l l known (and s t i l l unknown) 
p a r t i c l e s a r e p r o d u c e d . T h e o r i s t s impor t no t 
on ly m a s s e s , bu t a l s o weak mix ing a n g l e s , 
C P - v i o l a t i o n and sometimes even P - v i o l a t i o n 
f rom S c a l a r l a n d . We a r e a b s o l u t e l y s u r e t h a t 
t h i s t e r r a i n c o g n i t a can be r e a c h e d and 
e x p l o r e d by a c c e l e r a t o r s and by a c c e l e r a t o r s 
o n l y . 

We know t h a t even when t h e s c a l a r s a r e 
found t h i s w i l l n o t mark t h e end of fundamen-
t a l a c c e l e r a t o r p h y s i c s ; our u n d e r s t a n d i n g of 
N a t u r e w i l l s t i l l be i n c o m p l e t e . There e x i s t s 
a w i d e s p r e a d b e l i e f t h a t t o be s e l f - c o n s i s t e n t 
t h e t h e o r y h a s t o be supe r symmet r i c a t h i g h 
e n e r g i e s . S p a r t i c l e s - s u p e r p a r t n e r s of our 
o r d i n a r y p a r t i c l e s - a r e expec t ed t o be n o t 
h e a v i e r than 1 TeV. T h i s uppe r l i m i t i s 
d e t e r m i n e d by t h e Fermi s c a l e 

(mF = G F
- 1 / 2 0 . 3 TeV.) 

The o n l y road t o S u p e r l a n d goes t h r o u g h 
a c c e l e r a t o r l a b s . 

There a r e a rgumen t s (based on superstrings) 
t h a t t h e r e may e x i s t numerous 

a d d i t i o n a l p a r t i c l e s - r emnan t s of h i g h e r 
s y m m e t r i e s : 

E8 × E 8 E 6 S U ( 3 ) × SU(2) × U ( 1 ) . 
Among t h e s e r emnan t s w i t h masses i n t h e 
v i c i n i t y of 1 T e V : t h e second Z-boson , some 
new l e p t o n s and q u a r k s of t h e t h r e e 2 7 - p l e t s 
of Е 6 , e x t r a h i g g s e s , and of c o u r s e s p a r t n e r s 
of a l l of them. 

No s u p e r t h e o r i s t can p r e d i c t i n d e t a i l 
t h e p r o p e r t i e s of t h e s e p a r t i c l e s . Only 
e x p e r i m e n t a l i s t s work ing on c o l l i d e r s can 
d i s c o v e r and e x p l o r e them. 

I d o n ' t a g r e e w i t h t h o s e who say t h a t 
m u l t i d i m e n s i o n a l s u p e r s t r i n g s a r e j u s t a 
pandemic t h e o r e t i c a l vogue . I t h i n k we a r e 
w i t n e s s i n g a v e r y i m p o r t a n t even t i n t h e 
h i s t o r y of p h y s i c s comparable i n i t s 
g r e a t n e s s t o t h e c r e a t i o n of t h e quantum 
f i e l d t h e o r y . 

I t was w i t h i n t h e f ramework of quantum 
f i e l d t h e o r y t h a t our s t a n d a r d model and a l l 
i t s g rand u n i f i c a t i o n e x t r a p o l a t i o n s were 
c r e a t e d . Such s t r a n g e phenomena a s t h e c o n -
f i n e m e n t of q u a r k s and t h e decay of p r o t o n s 
a r e n a t u r a l l y d e s c r i b e d by t h e l a n g u a g e of 
quantum f i e l d t h e o r y . 

Quantum f i e l d t h e o r y was born s i x 
decades a g o , t h e c h i l d of quantum mechan ics 
and s p e c i a l r e l a t i v i t y . 

S u p e r s t r i n g t h e o r y , when f i n a l l y b o r n , 
w i l l be a c h i l d of quantum f i e l d t h e o r y and 
g e n e r a l r e l a t i v i t y . S u p e r s t r i n g t h e o r y w i l l 
r e s t r u c t u r e t h e most p ro found n o t i o n s of 
p h y s i c s , such a s s p a c e , t i m e , and f i e l d . 

A new f u n d a m e n t a l t h e o r y needs a new 
m a t h e m a t i c a l l a n g u a g e . S u p e r s t r i n g e r s have 
a l r e a d y e n r i c h e d t h e o r e t i c a l p h y s i c s w i t h 
new m a t h e m a t i c a l t o o l s p rov ided by t o p o l o g y 
and a l g e b r a i c g e o m e t r y . Some of t h e r e c e n t 
s u p e r s t r i n g c o n s t r u c t s a r e r e a l l y b e a u t i f u l . 

I t seems t o me however t h a t superstringers 
w i l l n o t succeed i n c o n s t r u c t i n g 

t h e i r l o f t y tower - t h e t h e o r y of e v e r y t h i n g 
- u n t i l t h e mu l t i -TeV a c c e l e r a t o r s form a 
b road enough b a s e f o r such a t o w e r , by 
u n c o v e r i n g s t r a t a of new f u n d a m e n t a l f a c t s . 
( J u s t t h i n k of t h e narrow b a s e of t h e 
Kaluza - K l e i n - E i n s t e i n electrogravitational 

u n i f i c a t i o n p r o j e c t . ) 
Let us now t u r n t o cosmology and a s t r o -

p h y s i c s . I t i s e v i d e n t t h a t w i t h o u t 
knowledge of t h e TeV s p e c t r a of such f u n -
d a m e n t a l e l e m e n t s of m a t t e r a s s c a l a r s and 
s p a r t i c l e s , i t w i l l be i m p o s s i b l e t o f i n d 
t h e un ique c o s m o l o g i c a l s c e n a r i o of t h e 
f i r s t t h r e e p i c o s e c o n d s , which d e t e r m i n e d 
t h e s u b s e q u e n t e v o l u t i o n of t h e U n i v e r s e . 
The a c c e l e r a t o r s a r e needed t o a s c e r t a i n 
t h e n a t u r e of t h e "da rk m a t t e r " (which 
c o n s t i t u t e s b u l k of t h e m a t t e r i n t h e 
U n i v e r s e ) , t o choose between numerous d a r k 
m a t t e r c a n d i d a t e s : p h o t i n o s , g r a v i t i n o s , 
a x i o n s e t c . As n e v e r b e f o r e , cosmology n e e d s 
t h e knowledge which i s produced i n t h e 
a c c e l e r a t o r l a b o r a t o r i e s . 

There i s a deep and growing 
i n t e r d e p e n d e n c e between h i g h ene rgy p h y s i c s 
and t h e p h y s i c s of t h e h e a v e n s . And we must 
be g r a t e f u l t o cosmology and a s t r o p h y s i c s 
f o r g i v i n g us such b r i g h t g u i d i n g s t a r s a s , 
f o r example , t h e ( a l m o s t ? ) v a n i s h i n g 
c o s m o l o g i c a l t e rm and t h e n e c e s s i t y of 
i n f l a t i o n and ba ryon n o n c o n s e r v a t i o n . 

I t i s symptomat ic t h a t many h i g h ene rgy 
e x p e r i m e n t a l i s t s nowadays a r e i n v o l v e d i n 
v a r i o u s a s t r o p h y s i c a l p r o j e c t s (some of them 
u n d e r g r o u n d ) . 



S i m i l a r c r e a t i v e i n t e r d e p e n d e n c e 
c o n n e c t s h i g h energy a c c e l e r a t o r p h y s i c s 
w i t h low energy n u c l e a r p h y s i c s and even 
w i t h a tomic p h y s i c s ( c o n s i d e r , e . g . , t h e 
r e c e n t d i s c u s s i o n s of e n i g m a t i c e l e c t r o n 
and p o s i t r o n l i n e s seen a t Darmstadt o r 
t h e numerous n u c l e a r and a tomic e x p e r i m e n t s 
on P - v i o l a t i o n ) . 

Even g r a v i m e t r y , nowadays, i s b e c o -
ming a p a r t of p a r t i c l e p h y s i c s . Recent 
s e n s a t i o n a l p u b l i c a t i o n s r e p o r t i n g t h e 
d i s c o v e r y of t h e s o - c a l l e d " f i f t h f o r c e " , 
w i t h a r ange of t h e o r d e r of 1 km, t u r n e d 
out t o be more e n t h u s i a s t i c t h a n r e l i a b l e . 
N e v e r t h e l e s s , t h e s e a r c h f o r t h i s f o r c e 
a t a h i g h e r l e v e l of a c c u r a c y i s v e r y i n t e -
r e s t i n g . J u s t t h i n k abou t t h e p o t e n t i a l 
u s e r s of t h e " f i f t h f o r c e " when and i f such 
a l o n g - r a n g e f o r c e i s d i s c o v e r e d . 

There i s a growing u n d e r s t a n d i n g of 
t h e impor t ance of i n t e r d i s c i p l i n a r y 
s y n t h e s i s of t h e f u n d a m e n t a l s c i e n c e s . The 
s p i r i t of c r e a t i v e i n t e r d e p e n d e n c e c a l l s 
f o r m u l t i p l i c a t i o n and summation of e f f o r t s , 
n o t f o r d i v i s i o n and s u b t r a c t i o n . I 'm s u r e 
t h i s s p i r i t w i l l govern t h e r e l a t i o n s of 
p a r t i c l e p h y s i c s w i t h s o l i d s t a t e p h y s i c s , 
c h e m i s t r y , b i o l o g y and o t h e r n a t u r a l 
s c i e n c e s . Fundamenta l knowledge i s a s o u r c e 
of f u n d a m e n t a l b e n e f i t s f o r t h e mankind. 
E x t r a money shou ld n o t be s e a r c h e d f o r by 
t r y i n g t o s u b t r a c t i t f rom t h e budget of a 
n e i g h b o u r ' s l a b o r a t o r y . There i s a l o t of 
money b e i n g m a l i c i o u s l y was ted o u t s i d e pure 
s c i e n c e . 

With t h e s e n a i v e r e m a r k s , l e t us 
conc lude t h e d i s c u s s i o n of t h e g e n e r a l 
p r o s p e c t s of h i g h energy a c c e l e r a t o r p h y s i c s 
and look a t ou r b a s i c p a r t i c l e s . 

Our 17 e lements 
The p h y s i c a l world of 1986 i s based on 

17 f u n d a m e n t a l e l e m e n t s : 
6 l e p t o n s ( e , µ, τ, νe, νµ, ντ); 
6 qua rks ( d , s , b , u , c , t ) ; 
4 v e c t o r bosons (photon , g luon g 
and wions W, Z); 
1 g r a v i t o n . 

Note t h a t I d o n ' t count a n t i p a r t i c l e s and 
c o l o r d e g r e e s of f r e e d o m , t h a t t h e word 

wion (pronounced " w h y - o n " ) i s proposed 
f o r weak i n t e r m e d i a t e boson , t h a t t h e 
t - q u a r k has n o t y e t been d e f i n i t e l y f o u n d , 
and t h a t an i n d i v i d u a l f r e e g r a v i t o n - a 
s i n g l e quantum of t h e g r a v i t a t i o n a l f i e l d 
- w i l l n e v e r be o b s e r v e d . 

I t i s r emarkab l e t h a t a m a j o r i t y of 
t h e 17 f u n d a m e n t a l p a r t i c l e s were d i s c o v e r e d 
i n a c c e l e r a t o r e x p e r i m e n t s : 

3 l e p t o n s ( τ , νµ, ντ); 
a l l of t h e qua rks ( t h e quark 

s t r u c t u r e of t h e l i g h t h a d r o n s , c o n s i s t i n g 
of u , d , s q u a r k s , many of t h e s e l i g h t 
h a d r o n s t h e m s e l v e s , and t h e heavy h a d r o n s , 
c o n t a i n i n g heavy f l a v o r s of quarks : с and 
b) ; 

3 v e c t o r bosons (g luon and w i o n s ) . 

Leptons 

The most i n t e r e s t i n g and m y s t e r i o u s 
l e p t o n s a r e n e u t r i n o s . There remain s e v e r a l 
i m p o r t a n t q u e s t i o n s p e r t a i n i n g t o n e u t r i n o s : 
1. Are n e u t r i n o s m a s s l e s s o r m a s s i v e , and i f 
t h e y a r e m a s s i v e , what a r e t h e v a l u e s of 
t h e i r m a s s e s ? 
2 . Are n e u t r i n o s d i f f e r e n t f rom t h e 
c o r r e s p o n d i n g a n t i n e u t r i n o s o r a r e t h e y 
g e n u i n e l y n e u t r a l ( s e l f - c o n j u g a t e ) ? 
3 . Are n e u t r i n o s l o y a l t o t h e i r charged 
p a r t n e r s and i f n o t how do t h e y o s c i l l a t e 
and what a r e t h e mix ing a n g l e s i n t h e 
charged l e p t o n i c c u r r e n t s ? 
4 . Do n e u t r i n o s have e l e c t r o m a g n e t i c d i p o l e 
moments, d i a g o n a l a n d / o r o f f - d i a g o n a l ? 
5 . Do n e u t r i n o s have some new anomalous 
i n t e r a c t i o n s ? 
6 . Are t h e r e o t h e r n e u t r i n o s i n a d d i t i o n t o 

νe, νµ, ντ? What i s t h e t o t a l number of 
n e u t r i n o f l a v o r s ? 

The e x p e r i m e n t a l upper l i m i t s f o r muon 
and t a u n e u t r i n o masses have been improved 
r e c e n t l y . But t h e y a r e s t i l l v e r y h i g h 
compared t o t h e o r i s t s ' g u e s s e s . As f o r t h e 
mass of t h e e l e c t r o n n e u t r i n o , t h e ITEP 
group s t i l l i n s i s t s on a n o n - v a n i s h i n g 
v a l u e between 45 eV and 20 eV, w h i l e t h e 
new r e s u l t s f rom SIN a r e compa t ib l e w i t h 
z e r o mass , t h e upper l i m i t b e i n g 18 eV. A 
number of v e r y a c c u r a t e measurements a r e 
unde r way. I f mνe i s l a r g e r t h a n 10 eV, we 



w i l l soon know i t s v a l u e w i t h g r e a t c e r t a i n t y . 
But i t may t a k e a n o t h e r decade t o go f rom 10 
eV t o 1 eV i n t h e a c c u r a c y of measurements . 

I t i s w e l l known t h a t t h e d i s c o v e r y of 
n e u t r i n o l e s s d o u b l e - b e t a decay would prove 
t h e n e u t r a l i t y of t h e n e u t r i n o . U n f o r t u n a t e l y , 
u n t i l now on ly lower l i m i t s e x i s t f o r t h e 
c o r r e s p o n d i n g l i f e t i m e s , t h e b e s t of them 
b e i n g i n t h e v i c i n i t y of 1022 + 1023 y e a r s . 

There has been a k ind of "backward 
p r o g r e s s " i n r e a c t o r expe r imen t s s e a r c h i n g 
f o r n e u t r i n o o s c i l l a t i o n s : some f a v o r a b l e 
i n d i c a t i o n s s een a t Bugey have been a lmos t 
c o m p l e t e l y r u l e d out a t Gösgen and Rovno. 

On t h e o t h e r hand some v e r y i m p o r t a n t 
" fo rward p r o g r e s s " h a s been made i n t h e 
t h e o r y of s o l a r n e u t r i n o o s c i l l a t i o n s . I t 
was t h e o r e t i c a l l y d i s c o v e r e d t h a t i n t h e 
Sun, w i t h i t s d e n s i t y g r a d u a l l y d e c r e a s i n g 
f rom t h e c e n t r e t o p e r i p h e r y , even a s m a l l 
mix ing a n g l e may l ead t o an a lmos t comple te 
t r a n s f o r m a t i o n of νе i n t o νµ o r ντ. T h i s 
phenomenon of r e s o n a n t n e u t r i n o o s c i l l a t i o n s 
caused by t h e c r o s s i n g of n e u t r i n o l e v e l s 
a t t h e a p p r o p r i a t e m a t t e r d e n s i t y , makes 
t h e p r e d i c t i o n s f o r t h e f u t u r e s o l a r n e u t r i n o 
d e t e c t o r s ( e s p e c i a l l y f o r t h e g a l l i u m d e t e c -
t o r ) l e s s unambigous and t h e c o r r e s p o n d i n g 
measurements even more i n t e r e s t i n g . 

F u t u r e s o l a r n e u t r i n o d e t e c t o r s ( e s p e -
c i a l l y t h e l i q u i d a r g o n d e t e c t o r ) may a l s o 
shed some l i g h t on t h e problem of n e u t r i n o 
e l e c t r o m a g n e t i c d i p o l e moments. I f t h e s e 
moments a r e of t h e o r d e r of 10-10 Bohr 
magnetons and i f t h e magne t i c f i e l d i n t h e 
c o n v e c t i v e zone of t h e Sun i s s t r o n g enough, 
s o l a r n e u t r i n o f l u x v a r i a t i o n s w i t h 1 1 - y e a r 
and semiannua l p e r i o d s w i l l a p p e a r . (Some 
h i n t s of such v a r i a t i o n s may be s e e n i n t h e 
famous Homestake Mine d a t a . ) 

As f o r some p o s s i b l e new anomalous 
i n t e r a c t i o n s i n v o l v i n g on ly n e u t r i n o s (and 
some new n e u t r a l bosons ) i t t u r n s out t h a t 
such i n t e r a c t i o n s a r e v e r y d i f f i c u l t t o 
d e t e c t even i f t h e y a r e r a t h e r s t r o n g . 
S p e c i a l h i g h s t a t i s t i c s s t u d i e s of t h e 
e l e c t r o n and muon s p e c t r a f rom W-decays may 
be i n t e r s t i n g f rom t h i s p o i n t of v i e w . 

On t h e o t h e r h a n d , n e u t r i n o - e l e c t r o n 
s c a t t e r i n g i s a v e r y c l e a n p r o c e s s f o r t h e 

q u a n t i t a t i v e t e s t of r a d i a t i v e c o r r e c t i o n s 
p r e d i c t e d by t h e e l e c t r o w e a k t h e o r y . Th i s 
i s t h e aim of a new CHARM-2 exper imen t a t 
CERN. I n t h i s exper iment t h e r a t i o of 
n e u t r i n o t o a n t i n e u t r i n o e l e c t r o n s c a t t e r i n g 
w i l l be measured w i t h an a c c u r a c y of t h e 
o r d e r of 2 % . U n f o r t u n a t e l y such an a c c u r a c y 
a l l o w s one t o t e s t ma in ly t h e e l e c t r o r a t h e r 
t h a n t h e weak c o n t r i b u t i o n s t o r a d i a t i v e 
e l e c t r o w e a k c o r r e c t i o n s . The n o n - t r i v i a l 
e l e c t r o w e a k t e rms may become o b s e r v a b l e i n 
t h i s exper iment i f new heavy f e r m i o n s e x i s t . 
Note i n t h i s c o n n e c t i o n t h a t a f o u r t h 
g e n e r a t i o n of q u a r k s and l e p t o n s (wi th a 
l i g h t o r even m a s s l e s s n e u t r i n o ) i s s t i l l 
n o t exc luded by l a b o r a t o r y e x p e r i m e n t s ( t h e 
Z - b o s o n ' s w i d t h ) n o r by c o s m o l o g i c a l 
i n t e r p r e t a t i o n of t h e 4He abundance . 

I would l i k e t o conc lude t h e n e u t r i n o 
p a r t of t h e t a l k by a s e m i - r h e t o r i c a l 
q u e s t i o n : w o u l d n ' t i t s t i l l be e a s i e r f o r 
t h e o r i s t s t o f i n d a p r i n c i p l e a c c o r d i n g t o 
which n e u t r i n o s are p a r t i c l e s w i t h o u t m a s s e s , 
o s c i l l a t i o n s and c r a z y i n t e r a c t i o n s , t h a n 
f o r e x p e r i m e n t a l i s t s t o f i n d a l l t h e s e 
t h i n g s ? 

Weak i n t e r a c t i o n s of qua rks 

Our knowledge of two of t h e t h r e e quark 
mixing a n g l e s i s s t i l l no t a d e q u a t e . But 
what i s r e a l l y t a n t a l i z i n g i s t h e n a t u r e of 
C P - v i o l a t i o n . Up t o now t h e e f f e c t s of CP--violation 

were obse rved on ly i n f o u r decay 
c h a n n e l s of one p a r t i c l e - t h e n e u t r a l 
l o n g - l i v e d kaon KL° : KL° π°π°, 
КL° e±ν π KL° µ± ν π. Of в р е с і а l  
i n t e r e s t a r e t h e a m p l i t u d e s of two-p ion 
d e c a y s . T h e i r r a t i o s t o t h e a m p l i t u d e s of 
t h e c o r r e s p o n d i n g K S ° - d e c a y s a r e deno ted 
b y a n d . Let us c o n s i d e r t h e r a t i o 

. The v a l u e || - 1 i s a 
measure of t h e d i r e c t C P - v i o l a t i n g t r a n s i t i o n 
of t h e CP-odd kaon s t a t e K2° i n t o two p i o n s . 
Recent measurements of t h i s v a l u e , a l t h o u g h 
n o t c o n c l u s i v e , a r e somewhat a t v a r i a n c e 
w i t h t h e s t a n d a r d mode. F u r t h e r expe r imen t s 
a r e under way. 

The phase a r g ( ) i s a measure 
of C P T - v i o l a t i o n . Accord ing t o t h e Review 
of P a r t i c l e P r o p e r t i e s t h i s phase i s 
9 . 8 ° ± 5 . 4 ° . Two new e x p e r i m e n t a l p r o p o s a l s 



t o measure t h i s phase wi th an accu racy of 
±1° have been accep t ed a t CERN and FNAL. 

The s e r v i c e s done by kaons t o p a r t i c l e 
phys i c s a r e r e a l l y g r e a t . I n 1956 kaons 
t r i g g e r e d t h e d i s c o v e r y of P- and C - v i o l a t i o n . 
In 1964 they r e v e a l e d C P - v i o l a t i o n . I n 1970 
t h e smal l KL-KS mass d i f f e r e n c e i n s p i r e d 
t h e o r i s t s t o a rgue t h a t charm i s r e s p o n s i b l e 
f o r t h i s s m a l l n e s s and t h a t t h e mass of t h e 
c -qua rk i s c l o s e t o 1 GeV. Apropos, t h e 
famous box diagram of F i g . 1 which d e s c r i b e s 

K° t r a n s i t i o n s (K° - d s = ) i s 
t h e only m a n i f e s t a t i o n of second o r d e r weak 
p roces s observed up t o 1986. The r e a l 

F i g . 1. Box diagram d e s c r i b i n g d s 
t r a n s i t i o n s . 

p a r t of t h i s box diagram i s r e s p o n s i b l e f o r 
t h e KL - KS mass d i f f e r e n c e and t h e imaginary 
p a r t f o r t h e C P - v i o l a t i n g t r a n s i t i o n 
K 2 ° K 1 ° . 

I 'm s u r e t h a t f u t u r e exper iments w i th 
kaons , e s p e c i a l l y t h e s e a r c h f o r and t h e 
s t u d y of t h e i r r a r e d e c a y s , w i l l g ive new 
i n s i g h t s i n t o t h e most profound problems 
of p a r t i c l e p h y s i c s . 

Meanwhile, a new f a m i l y of mesons has 
begun t o c o n t r i b u t e t o our s tudy of weak 
i n t e r a c t i o n s . I 'm r e f e r r i n g h e r e t o B-mesons, 
o r beons . The t r a n s i t i o n s B s ° = s b =are d e s c r i b e d by t h e box diagram of 
F i g . 2 , which i s s i m i l a r t o t h a t of F i g . 1 . 

B° t r a n s i t i o n s a r e s e n s i t i v e t o a 

F i g . 2 . Box diagram d e s c r i b i n g b s 
t r a n s i t i o n s . 

p o s s i b l e c o n t r i b u t i o n from t h e f o u r t h 
g e n e r a t i o n quark t' 

R e c e n t l y , t h e UA1-co l l abo ra t i on has 

r e p o r t e d s e e i n g a s e t of same-s ign dimuon 
e v e n t s . The n a t u r a l e x p l a n a t i o n f o r t h e s e 
e v e n t s i s t h e s t r o n g p r o d u c t i o n of B s ° 
p a i r s wi th subsequent vacuum t r a n s i t i o n s 
B s° and s e m i l e p t o n i c d e c a y s : 

o r Bs° µ- µ-+... Bs° Bs°Bs° µ+ µ++... 

There e x i s t s an i n t e r e s t i n g p r o p o s a l t o use 
tagged B s°-mesons produced by h igh energy 
hyperons t o s tudy C P - v i o l a t i n g e f f e c t s i n 
beon decays . This experiment would end t h e 
CP-monopoly of kaons . 

The n o n l e p t o n i c decays of charmed 
p a r t i c l e s have puzzled t h e o r i s t s who had 
b e l i e v e d t h a t t h e c - q u a r k , be ing so heavy , 
should decay wi thou t paying any a t t e n t i o n 
t o i t s env i ronment . But t h e exper iments 
have proved t h i s p i c t u r e t o be an o v e r -
s i m p l i f i e d one . E x p e r i m e n t a l l y t h e l i f e t i m e 
of D° tu rned out t o be a f a c t o r of two 
s h o r t e r than t h a t of D+ . And t h e l i f e t i m e 
of Ds

+ and Λc
+ a r e even s h o r t e r . T h e o r i s t s 

have found a p o s t e r i o r i t h a t weak i n t e r a c t i c 
w i th s p e c t a t o r quarks ( s ee F i g . 3 ) works i n 
t h e r i g h t d i r e c t i o n . But q u a n t i t a t i v e 

F i g . 3 . Weak i n t e r a c t i o n of c -qua rk 
and - q u a r k c o n t r i b u t i n g t o t h e decay 
of D°-meson. 

p r e d i c t i o n s need a b e t t e r u n d e r s t a n d i n g of 
v i r t u a l s t r o n g p r o c e s s e s . And so we come 
t o our nex t t o p i c : s t r o n g i n t e r a c t i o n s of 
q u a r k s . But b e f o r e p roceed ing t o i t , l e t 
us f o r m u l a t e a c o n c l u s i o n which i s s u g g e s t e d 
by t h e above d i s c u s s i o n of t h e weak 
i n t e r a c t i o n s of q u a r k s : i n o r d e r t o s o l v e 
a number of impor t an t problems concern ing 
t h e weak i n t e r a c t i o n s of quarks we need 
f a c t o r i e s of s t r a n g e n e s s , charm and b e a u t y . 

S t rong i n t e r a c t i o n s of quarks 

The s i t u a t i o n wi th s t r o n g i n t e r a c t i o n s 
i s r a t h e r u n u s u a l . S ince t h e e a r l y s even t i e s 
we have been convinced t h a t we have i n hand 
t h e h e a r t of t h e m a t t e r - t h e l a g r a n g i a n 
of quantum chromodynamics, QCD. I n t h a t 



s e n s e , s t r o n g i n t e r a c t i o n s a r e n o t i n f e r i o r 
t o e l e c t r o m a g n e t i c o n e s . There i s however 
a g r e a t d i f f e r e n c e between t h e two t h e o r i e s , 
QED and QCD. I n QED t h e a p p a r a t u s of p e r -
t u r b a t i o n t h e o r y i s b rough t t o p e r f e c t i o n . 
I t a l l o w s one t o make e x p e r i m e n t a l l y 
t e s t a b l e p r e d i c t i o n s w i t h t h e h i g h e s t 
a c c u r a c y (sometimes up t o one p a r t p e r 
b i l l i o n ) . But w i t h QCD, p e r t u r b a t i o n t h e o r y 
i s v a l i d on ly a t s h o r t d i s t a n c e s and even 
t h e n , on ly w i t h an a c c u r a c y of abou t t e n 
p e r c e n t . Moreover t h e r e i s n o t a s i n g l e 
p r o c e s s i n v o l v i n g h a d r o n s i n which l a r g e 
d i s t a n c e e f f e c t s can be n e g l e c t e d . A t t empts 
t o t a k e i n t o a c c o u n t t h e c o n t r i b u t i o n s of 
l a r g e d i s t a n c e s have been d i v e r s e , o f t e n 
w i t t y , l e s s o f t e n r e f i n e d , even l e s s o f t e n 
r e l i a b l e , and ( u n f o r t u n a t e l y ? ) a lmos t 
a lways s u c c e s s f u l (of c o u r s e , i f h i g h 
a c c u r a c y i s n o t n e e d e d ) . The s cene a s a whole 
reminds one of an e a s t e r n b a z a a r . 

What a p p e a r s t o be q u i t e r e l i a b l e i s t h e 
t h e o r y of deep i n e l a s t i c , ha rd i n c l u s i v e 
and s e m i - i n c l u s i v e p r o c e s s e s ; more s p e c i f i c a l -
l y , t h e t h e o r y of quark and g luon j e t s . 

One can assume, i n a c rude a p p r o x i m a t i o n , 
t h a t t h e f r a g m e n t a t i o n of h a r d qua rks and 
g l u o n s i n t o h a d r o n s does n o t change t h e 
p r o b a b i l i t y of a p r o c e s s which i s d e t e r m i n e d 
by s h o r t d i s t a n c e c o n t r i b u t i o n s . 

As f o r c a l c u l a t i o n s of t h e s t a t i c 
p r o p e r t i e s of h a d r o n s ( t h e i r m a s s e s , decay 
w i d t h s , and magne t i c moments) t h e most 
s u c c e s f u l and t h e o r e t i c a l l y c o n s i s t e n t 
approach was d e m o n s t r a t e d by t h e s o - c a l l e d 
QCD Sum R u l e s . I n t h e framework of t h i s 
a p p r o a c h , t h e b r i d g e between s h o r t and l a r g e 
d i s t a n c e s i s p r o v i d e d by d i s p e r s i o n r e l a t i o n s . 

The e s s e n t i a l i n g r e d i e n t s of t h e QCDSR 
a r e t h e quark and g luon vacuum c o n d e n s a t e s . 
These c o n d e n s a t e s r e p r e s e n t n o n p e r t u r b a t i v e 
vacuum mean v a l u e s of quark and g luon f i e l d s , 
t h e s i m p l e s t of them b e i n g b i l i n e a r i n t h e s e 
f i e l d s : < q > , < G G > e t c . By u s i n g 
t h e v a l u e s of t h e s e c o n d e n s a t e s a s f r e e 
p a r a m e t e r s , i t i s p o s s i b l e t o d e s c r i b e t h e 
p r o p e r t i e s of v a r i o u s h a d r o n s : t h o s e which 
c o n t a i n heavy q u a r k s , t h o s e which c o n t a i n 
l i g h t q u a r k s and t h o s e which c o n t a i n no 
q u a r k s a t a l l , t h e s o - c a l l e d g l u e b a l l s . 

I t would be u n f a i r t o i g n o r e t h e f a c t 
t h a t t h e same h a d r o n i c p r o p e r t i e s a r e a l s o 
s u c c e s s f u l l y d e s c r i b e d by a number of s i m p l e r 
and more n a i v e models which a r e no t a s 
t h e o r e t i c a l l y sound a s t h e QCDSR. I 'm 
r e f e r r i n g h e r e t o t h e n o n r e l a t i v i s t i c quark 
model , t o t h e p o t e n t i a l models of heavy 
quarkon ia and t o t h e v a r i o u s m o d i f i c a t i o n s 
of t h e bag model . The v e r y f a c t t h a t t h e s e 
models c o e x i s t w i t h QCD i n d i c a t e s t h e im-
m a t u r i t y of QCD as a q u a n t i t a t i v e t h e o r y . 

( I t i s p r o p e r t o ment ion h e r e t h a t t h e 
bag model s e r v e s a s a b a s i s f o r f a r f e t c h e d 
s p e c u l a t i o n s abou t t h e e x i s t e n c e of s t r a n g e 
quark m a t t e r . And we cannot a t p r e s e n t 
t h e o r e t i c a l l y e x c l u d e t h i s p o s s i b i l i t y by 
a r i g o r o u s a p p l i c a t i o n of QCD.) 

S p e c i a l a t t e n t i o n shou ld be pa id t o 
compute r -based QCD c a l c u l a t i o n s . I n t h e s e 
computer e x p e r i m e n t s , t h e space - t ime 
continuum i s r e p l a c e d by a f o u r - d i m e n s i o n a l 
l a t t i c e . I n r e c e n t computer e x p e r i m e n t s t h e 
number of l a t t i c e v e r t i c e s h a s exceeded 
1 0 5 , and t h e l e n g t h of a l i n k has been abou t 
10-14 cm. Computer e x p e r i m e n t s were c a r r i e d 
out i n t h e framework of quantum g luodynamics , 
i . e . , QCD w i t h o u t q u a r k s . They were used t o 
e s t i m a t e t h e e x p e c t e d masses of g l u e b a l l s . 
There have a l s o been some c a l c u l a t i o n s 
w i t h q u a r k s , e . g . of t h e weak n o n - l e p t o n i c 
a m p l i t u d e s . 

Of p a r t i c u l a r i n t e r e s t a r e t h e computer 
s t u d i e s of QCD a t h i g h d e n s i t y and t e m p e r a t u r e , 
which i n d i c a t e t h a t , a t t e m p e r a t u r e s i n t h e 
v i c i n i t y of 200 MeV, n u c l e a r m a t t e r shou ld 
e x p e r i e n c e a phase t r a n s i t i o n i n t o a s t a t e 
which i s c a l l e d the quark - g luon p l a s m a . 
At p r e s e n t i t i s n o t q u i t e c l e a r how 
d e f i n i t e t h e s i g n a t u r e s of such a phase 
t r a n s i t i o n w i l l b e . As a f i r s t s t e p , a beam 
of h i g h energy oxygen i o n s i s b e i n g p r e p a r e d 
a t t h e CERN SPS machine t o bombard a f i x e d 
t a r g e t , so t h a t we can s e e w h e t h e r quark - g luon 

plasma i s formed i n t h i s way. 
E x p e r i m e n t a l p r o s p e c t s i n s t r o n g 

i n t e r a c t i o n p h y s i c s a r e e x c e p t i o n a l l y 
f a v o r a b l e . Of g r e a t i n t e r e s t a r e e x p e r i m e n t s 
i n a b road r a n g e of e n e r g i e s : f rom v e r y 
low t o e x t r e m e l y h i g h . Th i s means t h a t n o t 
on ly f u t u r e s u p e r a c c e l e r a t o r s , b u t t h e 



e x i s t i n g o r d i n a r y machines a s w e l l , may 
b r i n g v a l u a b l e i n f o r m a t i o n . And even 
machines no l o n g e r e x i s t e n t can c o n t r i b u t e . 
I r e f e r h e r e t o a b e a u t i f u l measurement 
of t h e masses and wid ths of two charmonium 
l e v e l s X1, and X2 which were r e s o n a n t l y 
produced i n p a n n i h i l a t i o n a t t h e ISR. The 
p r e p r i n t c o n t a i n i n g t h e a n a l y s i s of t h i s 
d a t a appea red l a s t A p r i l . I t ' s l i k e a b u r s t 
of l i g h t f rom a p e r i s h e d s t a r . 

V e c t o r bosons 

SLC and e s p e c i a l l y LEP-1 w i t h i t s mass 
p r o d u c t i o n of Z-bosons w i l l a l l ow us t o 
t e s t q u a n t i t a t i v e l y many a s p e c t s of 
e l e c t r o w e a k t h e o r y . But pe rhaps t h e most 
i n t e r e s t i n g f e a t u r e s of t h e n o n - a b e l i a n 
gauge bosons a r e t h e i r s e l f - i n t e r a c t i o n s . 
The s e l f - i n t e r a c t i o n s of g l u o n s w i l l be 
e x p l o r e d by s t u d y i n g p a i r s of g luon j e t s 
a t l a r g e hadron c o l l i d e r s . The s t u d y of 
n o n l i n e a r wion v e r t i c e s i s a t a s k f o r LEP-2 
and f o r f u t u r e l i n e a r e l e c t r o n c o l l i d e r s , 
such a s VLEPP. 

I n s p i t e of t h e s i m p l i c i t y and b e a u t y 
of t h e n o n - a b e l i a n gauge t h e o r i e s , a t l e a s t 
some of them may t u r n out t o be on ly 
phenomenologica l m a n i f e s t a t i o n s of some 
more p rofound p h y s i c s . From t h i s p o i n t of 
v i e w , wions may be on ly s l i g h t l y more 
f u n d a m e n t a l t h a n t h e l i g h t e s t v e c t o r mesons 
( ρ , ω ) which were c o n s i d e r e d ( a l t h o u g h 
much l e s s s u c c e s s f u l l y ) a s gauge bosons 
of a n o n - a b e l i a n symmetry 25 y e a r s a g o . 

I t i s q u i t e p o s s i b l e t h a t qua rks and 
l e p t o n s a r e a l s o b u i l t of more e l e m e n t a r y 
p a r t i c l e s - p reor i s . U n f o r t u n a t e l y , I d o n ' t 
know any a t t r a c t i v e p r e o n i c scheme. But 
t h e absence of an a t t r a c t i v e scheme shou ld 
n o t p r e v e n t e x p e r i m e n t a l i s t s f rom s e a r c h i n g 
f o r p r e o n s . There w i l l be no l a c k of 
b e a u t i f u l schemes a s soon a s p reons a r e 
d i s c o v e r e d . 

G r a v i t o n 

I t h a s been known f o r c e n t u r i e s t h a t 
g r a v i t y i s t h e dominant f o r c e a t t h e l a r g e s t , 
a s t r o n o m i c a l d i s t a n c e s . The i d e a t h a t 
g r a v i t y i s dominant a t t h e s h o r t e s t d i s t a n c e s 
a s w e l l , i s one of t h e main t h e o r e t i c a l 
ach ievement s of t h i s c e n t u r y . I t i s i n o r d e r 

t o b u i l d a s e l f c o n s i s t e n t g r a v i t a t i o n a l 
t h e o r y f o r d i s t a n c e s of t h e o r d e r of t h e 
P lanck l e n g t h and even s h o r t e r t h a t 
t h e o r i s t s a d d r e s s m u l t i d i m e n s i o n a l 
s u p e r s t r i n g s 10-33 cm i n l e n g t h . They hope 
t h a t by c o n s t r u c t i n g such a t h e o r y t h e y 
would be a b l e t o u n i f y a l l i n t e r a c t i o n s , 
t o g u e s s t h e h i g h e s t symmetry g r o u p , t o 
f i n d t h e mechanism of i t s b r e a k i n g , and t o 
e x p l a i n t h e m y s t e r i o u s p a t t e r n of p a r t i c l e 
masses and mix ing a n g l e s which have been 
observed e x p e r i m e n t a l l y . 

ADC - t h e s t r a t e g i c t r i a d 

The main message of t h i s t a l k i s t h a t 
t h e r e i s a l o t of f u n d a m e n t a l l y i n t e r e s t i n g 
e x p e r i m e n t s which can be done a t v a r i o u s 
t y p e s of a c c e l e r a t o r s . S t i l l t h e most 
i n t e r e s t i n g a r e phenomena a t t h e h i g h e s t 
e n e r g i e s . U n f o r t u n a t e l y , t h e l a r g e r i s 
t h e energy E, t h e s m a l l e r a r e t h e cross--sections 

of i n t e r e s t i n g p r o c e s s e s ( ~ E - 2 ) , 
and t h e l a r g e r i s t h e background m u l t i p l i c i t y . 

The s t r a t e g i c t r i a d of p a r t i c l e p h y s i c s 
i s f o m e d by a c c e l e r a t o r s , d e t e c t o r s and 
compu te r s . We s t r i v e f o r h i g h e r and h i g h e r 
e n e r g i e s , l u m i n o s i t i e s , a c c u r a c i e s , d a t a 
h a n d l i n g r a t e s i n o r d e r t o t e s t our 
t h e o r i e s , t o s o l v e t h e i r unso lved problems 
and - what i s even more i m p o r t a n t - t o 
f i n d someth ing t o t a l l y u n e x p e c t e d . 

To meet t h e s e needs of p h y s i c s , i t i s 
d e s i r a b l e t o r a i s e by t h r e e o r d e r s of 
magni tude t h e a c c e l e r a t i o n g r a d i e n t and 
l u m i n o s i t y of l i n e a r e l e c t r o n c o l l i d e r s 
and t h e d a t a a c q u i s i t i o n and h a n d l i n g 
r a t e a t hadron c o l l i d e r s a t t h e b e g i n n i n g 
of t h e n e x t c e n t u r y . 

On t h e d i r e c t i o n of p r o g r e s s 

When p r e p a r i n g t h i s t a l k I came a c r o s s 
a newspaper w i t h a c a r t o o n by V.Peskov , 
which I f e l t had someth ing t o do w i t h t h e 
t a l k . A f t e r some t h o u g h t I dec ided t h a t 
t h e meaning of t h e c a r t o o n may be 
i n t e r p r e t e d a s f o l l o w s . The steam eng ine 
i s t h e symbol of High Energy P h y s i c s . As 
f o r t h e t h e o r i s t s , you cannot s e e them, 
b u t t h e y a r e expec t ed t o be busy 
b u i l d i n g t h e r a i l r o a d . However sometimes 
some of them spend t h e i r (and o t h e r s ' ) 



t i m e a n d r a i l i n g t o b u i l d n o t t h e r a i l r o a d 
b u t t h e r a i l - a r r o w s , w h i c h a r e s u p p o s e d 
t o i n d i c a t e t h e d i r e c t i o n o f f u t u r e p r o g r e s s . 
W i t h t h i s s e l f c r i t i c a l r e m a r k I ' m c o n c l u d i n g 
t h e t a l k . F o r y o u r homework you may t r y 
o t h e r i n t e r p r e t a t i o n s . 

I w i s h you e v e r y s u c c e s s . 

Thank y o u . 

Discussion 

Вопрос из зала . В конце доклада Вы призвали к по-
лучению высоких энергий на ускорителях, но в самом 
докладе Вы называли только две энергии: 1 ТэВ и 
1019 ТэВ. 

Л.Б. Окунь. Когда говорится об энергиях порядка 
1 ТэВ, то это означает следующее. Д л я электронных 
коллайдеров энергия частиц в точности соответствует 
энергии взаимодействия. Д л я адронных коллайдеров 
необходимо приблизительно в 6—10 раз увеличивать 
энергию частиц по сравнению с энергией взаимодей-
ствия. Это связано с тем, что каждый адрон состоит 
из трех кварков, на которые приходится примерно по-
ловина энергии летящего адрона. Поэтому на каждый 
кварк приходится ~ 1/6 всей энергии. Таким образом, 
если речь идет об адронных ускорителях, то их энер-
гии должны составлять десятки ТэВ. Далее. Д л я того, 
чтобы не просто открыть частицу, а исследовать те 
теории, о которых шла речь, посмотреть сечения, ра-
зобраться, нет ли каких-либо взаимодействий, нужны, 
конечно, энергии в несколько ТэВ. 
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