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1. In t roduc t ion  

P o l a r i z a t i o n  a t  LEP was no t  t h e  s u b j e c t  of s p e c i f i c  s t u d i e s  i n  a  spec ia -  

l i z e d  working group a t  Les Houches, bu t  i t s  va r ious  aspec ts  have been examined i n  

each of t h e  working groups s e p a r a t e l y 1 ) .  Reviews were presented on s e v e r a l  

occas ions ,  both of t h e  imp l i ca t i ons  it has  on t h e  machine f r o n t 2 )  and of t h e  pos- 

s i b i l i t i e s  it o f f e r s  f o r  phys i c s3 ) .  The p re sen t  no t e  i s  an at tempt  a t  g iv ing  a  

b r i e f  and elementary summary of t h e  p r e s e n t  i dea s  i n  t h i s  domain. 

Beam p o l a r i z a t i o n  i s  expected t o  induce spec t acu l a r  e f f e c t s  a t  LEP. 

This  c o n t r a s t s  wi th  proton ( o r  an t i p ro ton )  machines which we use  a s  pa r ton  

(quarks and gluons) a c c e l e r a t o r s ,  and where t h e  i nc iden t  p o l a r i z a t i o n  i n  a  par ton-  

pa r ton  c o l l i s i o n  is  no t  simply r e l a t e d  t o  t h a t  of t h e  composite i nc iden t  p ro tons .  

The s i t u a t i o n  i s  completely d i f f e r e n t  i n  e+e- a n n i h i l a t i o n  processes ,  where t h e  

quantum numbers of t h e  i n t e rmed ia t e  s t a t e  a r e  p r e c i s e l y  those  of t h e  i n c i d e n t  

beams. I n  add i t i on ,  e lec t romagnet ic  and weak i n t e r a c t i o n s ,  f o r  which LEP is  a  

p r i v i l e g e d  l abo ra to ry ,  proceed v i a  couplings which induce e f f e c t s  having charac- 

t e r i s t i c  dependences upon t h e  i n c i d e n t  e l e c t r o n  h e l i c i t i e s .  As an example, a t  t h e  

Z0 po l e ,  t h e  i n t e r a c t i o n  r a t e  i s  expected t o  i nc r ea se  by t h r e e  o rde r s  of magnitude 

when switching from eE e i  t o  eL e i  ! The mere p o s s i b i l i t y  of such a  dramat ic  

e f f e c t  i s  s u f f i c i e n t  proof of t h e  p o t e n t i a l  power of a  po l a r i zed  beam f a c i l i t y  f o r  

experimentat ion a t  LEP. 

However, t e chn i ca l  d i f f i c u l t i e s  a t tached  t o  i t s  implementation, con- 

s t r a i n t s  it imposes on t h e  machine des ign ,  and l i m i t a t i o n s  i n  i t s  expected per- 

formance i n v i t e  us  t o  make a  more c a r e f u l  eva lua t i on  of t he  advantages i t  would 

provide  f o r  physics .  

2. Po l a r i z ing  t h e  Beams 

The presen t  s ec t i on  g ives  a  very  elementary and s u p e r f i c i a l  p resen ta -  

t i o n  of t h e  b a s i c  p r i n c i p l e s .  I n  a d d i t i o n  t o  o r i g i n a l   article^^,^,^), e x c e l l e n t  

reviews2) a r e  a v a i l a b l e  on t h i s  t o p i c ,  

2.1 Spin Motion 

The motion of a  spinning e l e c t r o n  c i r c u l a t i n g  i n  t he  machine i s  governed 

- dd - - x 8 + s p i n - f l i p  terms 
d t  

-+ 
where o i s  t he  e l e c t r o n  sp in  (more p r e c i s e l y  i t s  mean va lue  ca l cu l a t ed  from t h e  

d e n s i t y  mat r ix  de sc r ib ing  t he  beam) expressed i n  t he  l o c a l  frame r o t a t i n g  w i th  

t h e  e l e c t r o n  (Fig.  1 ) .  The r o t a t i o n  frequency of t he  p a r t i c l e  on i t s  o r b i t  
C 

( r ad iu s  R) i s  wo = - 
R 

85 kHz, independent of t h e  energy E .  



The vector 8 around which the spin precesses has its major component 
RL directed along the guide field, Electric fields can usually be neglected. 

The precession frequency QL increases with energy 

a Q,i =(,, E - = w  E 
a 0 2nm 0 440 MeV 

Here a is the fine-structure constant; 2 8-2. g is the gyromagnetic ratio of 
2Tr 2 ' 

the electron and m its rest mass. At E = 70 GeV the spin precesses about 160 

times per revolution. 

Magnetic fields directed along the particle velocity contribute to Q : ,  

but in a high energy machine their effect is small: at E = 70 GeV, a complete 

turn of the spin vector around the particle velocity requires a field strength of - 14680 kGm. Field inhomogeneities induce small radial and longitudinal compo- 
-b 

nents of Q which result in oscillations of a,, the spin component parallel to the - 
guide field (Fig. 2). As long as these oscillations remain small enough, their 

net effect is simply to slightly reduce the transverse polarization. In high 

energy machines radial field inhomogeneities are the dominant source of such 

oscillations. 

2.2 Transverse Polarization4) 

The "spin-flipw terms in Eq. 1 correspond to spin-flip emission of 

synchrotron radiation, which occurs with a probability per unit time 

- 5J3 2 
nsf - ii;a: (f) y 5  wo ~(z) 

+ 
where 

2 843 
F(a) = 1 - - + - cs 

9 15 L 

Here, r is the electron radius, 2 2.8 fm, and y = E/m. Owing to the linear 

dependence of F upon a,., a transverse polarization P, directed along the guide 

field (for e', or against it for e-) builds up with a characteristic time (Fig. 3) 

F (3 - 5 
T = -  - (  - x 20 minutes 

At equilibrium the polarization reaches a value P such that 
max 



Figure  1 : Var iab les  de sc r ib ing  t h e  sp in  motion 

a1 

oscillations 

Figu re  2 : Spin o s c i l l a t i o n s  and precess ion  



The f r a c t i o n  f  of synchro t ron  r a d i a t i o n  power i s  u s u a l l y  v e r y  s m a l l ,  

of t h e  o r d e r  of 1 . 2 6 * 1 0 - ' ~  a t  E = 70 GeV: 

The c r i t i c a l  energy where f  i s  of o r d e r  u n i t y  i s  of t h e  o r d e r  of 40 TeV correspon-  
5 

d i n g  t o  yc = ( 2  :) . The s p i n - f l i p  terms a r e  r e s p o n s i b l e  f o r  a  spontaneous 

build-up of t r a n s v e r s e  p o l a r i z a t i o n ,  which however w i l l  on ly  become s i z a b l e  a t  

h i g h  e n e r g i e s  (T z 20 minutes  a t  E = 70 GeV, r 2 hours  a t  E = 50 GeV). 

2 .3  Depola r iz ing  Resonances 

I n  t h e  above d i s c u s s i o n  it was i m p l i c i t l y  assumed t h a t  f i e l d  inhomo- 

g e n e i t i e s  d r i v e  only smal l  o s c i l l a t i o n s  of a, around i t s  mean v a l u e ;  t h i s  i s  -- 
u n f o r t u n a t e l y  n o t  t h e  c a s e  a t  LEP where d e p o l a r i z i n g  resonances  p r e c l u d e  t h e  

s u c c e s s f u l  completion of t h e  p o l a r i z a t i o n  p rocess .  

Spin resonances  a r e  v e r y  s i m i l a r  t o  more f a m i l i a r  resonances  such a s  

t h o s e  o c c u r r i n g  i n  b e t a t r o n  and synchro t ron  o s c i l l a t i o n s ;  i t  may t h e r e f o r e  b e  

u s e f u l  t o  review b r i e f l y  t h e  mechanism of b e t a t r o n  resonances  b e f o r e  c o n s i d e r i n g  

t h e  s p i n  case .  

P o s s i b l e  t r a j e c t o r i e s  i n  a  given machine a r e  d e f i n e d  from t h e i r  devia-  

t i o n s  from t h e  c losed  o r b i t ;  t r a n s v e r s e  d e v i a t i o n s  correspond t o  b e t a t r o n  o s c i l -  

l a t i o n s ,  l o n g i t u d i n a l  (energy)  d e v i a t i o n s  t o  synchro t ron  o s c i l l a t i o n s .  The r a d i a l  

d e v i a t i o n  x ( s ) ,  where s  i s  t h e  az imutha l  c o o r d i n a t e  a long  t h e  machine, can b e  

w r i t t e n  

Eqs (7)  d e f i n e  a  two-parameter ( a  and 0 )  f ami ly  of p o s s i b l e  t r a j e c t o r i e s  (F ig .  4 ) .  

A t  f i x e d  s ,  x t a k e s  v a l u e s  r a n g i n g  between -aJb(s-) and +av'i(s) depending on t h e  

phase advance p e r  t u r n  ( F i g .  5) 

d s '  
2ITQx 

where L = d s '  1 2nR. 4 
When a  smal l  p e r t u r b a t i o n  i s  in t roduced  a t  s = 0 ,  such a s  a  t r a n s v e r s e  

k i c k  causing a  jump 6 of x' =:E t h e  new fami ly  of p o s s i b l e  t r a j e c t o r i e s  i s  ( j s  ' 
c e n t r e d  around a  new ( d i s t u r b e d )  c l o s e d  o r b i t  de f ined  by i t s  d e v i a t i o n  Ax(s) from 

t h e  o r i g i n a l  one. Everywhere b u t  a t  s  = 0 ,  Ax(s) s a t i s f i e s  E q .  ( 7 ) ;  a t  s = 0 



Figure 3 : Spontaneous build-up of t r ansve r se  p o l a r i z a t i o n  PL as a  func t ion  of 
time t 

(modulo L) 

Figure 4 : Beta t ron  o s c i l l a t i o n s :  an e l e c t r o n  t r a j ec to ry&-  the  n-th, n  + 1-th 
and n + 2-th turns .  The envelopes x ( s )  = t aJg ( s )  a r e  ind ica ted  

F igure  5 : Deviat ions of an e l e c t r o n  a t  s = so  f o r  success ive  passages 



t h e  con t inu i ty  of t he  new closed o r b i t  implies  

a x (L) = A x  (O) 

A x' (L) = A x '  (0) + 6 

Solving i n  a  and 0 we obta in  

a  = 
s J B ( 3  

2 s i n  .rr Qx 

I f  Qx t akes  in t ege r  va lues ,  a  becomes i n f i n i t e :  t h e r e  i s  no closed 

o r b i t  i n  t h e  perturbed machine; i t  corresponds t o  a  resonance condit ion f o r  which 

no beam can be kept (Fig. 6) .  

The same app l i e s  f o r  v e r t i c a l  be t a t ron  o s c i l l a t i o n s  (Q ) and f o r  synchro- 
Y 

t r o n  o s c i l l a t i o n s  (Qs), t he  general  resonance condi t ion  being s a t i s f i e d  whenever 

nx Qx + ny Qy + ns Qs = i n t e g e r ,  

where t h e  t h r e e  n ' s  a r e  i n t ege r  numbers and where t h e  Q's take  t h e  fol lowing 

values a t  LEP: 

I n  t h e  sp in  case t h e  closed-orbi t  equiva lent  i s  obtained when t h e  sp in  

i s  d i r e c t e d  along t h e  guide f i e l d ;  t he  spin-precession around t h e  guide f i e l d  

corresponds t o  $ ( s ) ,  with a  phase advance per  t u r n  

aE E 
Qf = % = 440 MeV 

As i n  the  case of be t a t ron  o s c i l l a t i o n s ,  a  small pe r tu rba t ion  w i l l  cause 

a  d ivergent  increase  of the  amplitude of t h e  o, o s c i l l a t i o n s ,  and t h e r e f o r e  w i l l  
4.- 

des t roy  po la r i za t ion ,  whenever 

A s e t  of Q values which s a t i s f i e s  Eq. 13 corresponds t o  a  depolar iz ing  resonance. 

I n  p a r t i c u l a r ,  f o r  two neighbour resonances corresponding t o  n  and n  + 1, we 
0 0 

have 



Figure  6 : a )  Disturbed c losed  o r b i t  f o r  a ~ e r t u r b a t i o n  6 = x ' ( L )  - x l ( o )  a t  
s = o  

b) Resonant case:  t h e  e l ec t ron  t r a j e c t o r y  a s  seen i n  success ive  
passages 



AQ+ = 1 , AE = 440 MeV (14)  

The beam energy spread a t  E = 70 GeV is  approximately Gaussian wi th  

va r i ance  0~ 1 86 MeV, a  va lue  a s  l a r g e  a s  one f i f t h  of t h e  energy spacing between 

neighbour depo la r i z ing  resonances : t h i s  i s  suf  f  i c i e n t 2 )  t o  cause a  rap id  depola- 

r i z a t i o n .  As a  r e s u l t ,  spontaneous t r a n s v e r s e  p o l a r i z a t i o n  has  no time t o  b u i l d  

up a t  LEP. 

2.4 The S i b e r i a n  Snake scheme5) 

Depolar izing resonances would i n  ~ r i n c i p l e  be avoided i f  Q+ could be 

made energy independent.  A t y p i c a l  example of a  con f igu ra t i on  where t h i s  i s  

achieved i s  provided by 8-shaped machines (Fig.  7 ) .  I n  such machines t h e  preces-  

s i o n  accumulated i n  one loop of t h e  8 i s  e x a c t l y  compensated i n  t h e  o the r  loop 

w i th  a  n e t  r e s u l t ,  independent of energy, Q+ = 0. Any sp in  conf igura t ion  cor res -  

ponds t o  a  c losed  so lu t i on .  

A s i m i l a r  s i t u a t i o n  is  obtained w i th  t h e  S i b e r i a n  Snake scheme2, 5 ,  which 

can be implemented i n  a  c i r c u l a r  machine. It c o n s i s t s  of in t roduc ing  a  180° 

s p i n  r o t a t i o n  around the  beam a t  some f i x e d  l o c a t i o n  (S) i n  t he  machine. There 

e x i s t  two c losed  s o l u t i o n s ,  wi th  t h e  s p i n  p a r a l l e l  o r  a n t i - p a r a l l e l  t o  t h e  e l e c t r o n  

v e l o c i t y  a t  S' d i ame t r i ca l l y  oppos i te  t o  S (Fig.  8 ) .  Transverse s p i n  components 

change s i g n  a f t e r  one t u r n ,  corresponding t o  Q+ = 4, an energy-independent va lue ,  

f a r  from i n t e g e r s .  Longitudinal  p o l a r i z a t i o n  can t h e r e f o r e  be maintained wi thout  

s u f f e r i n g  from depolar iz ing  resonances. 

This  ve ry  e legant  scheme i s  proposed a s  an op t ion  f o r  LEP but  i t s  a c t u a l  

implementation has  s eve ra l  important consequences : 

( i )  A s t o r a g e  r i n g  i n j e c t o r  wi th  a  s h o r t  spontaneous p o l a r i z a t i o n  time i s  

necessary.  I n j e c t i o n  l i n e s  al lowing f o r  s p i n  r o t a t i o n  t o  l e f t  o r  

r i g h t  h e l i c i t y  s t a t e s  have t o  be  provided f o r  each beam sepa ra t e ly .  

( i i )  It does no t  seem f e a s i b l e  i n  p r a c t i c e  t o  u se  a  so lenoid  t o  d r i v e  t h e  

1800 s p i n  r o t a t i o n :  7330 kGm would be necessary  a t  E = 70 GeV! 

A s e t  of ho r i zon t a l  and v e r t i c a l  bending magnets ( t h e  snake) r o t a t e s  

t h e  s p i n  with a  much smal le r  f i e l d  s t r e n g t h  but  a l t e r s  t he  o r b i t  a s  

wel l :  f o r  a  f i xed  snake geometry t h e  p o l a r i z a t i o n  i s  optimized a t  a  

s i n g l e  energy (which may be modified dur ing  shutdowns) and depressed 

otherwise.  The presen t  LEP design r e q u i r e s  one of t h e  e igh t  i n t e r a c -  

t i o n  reg ions  t o  be devoted t o  t h e  snake. 

( i i i )  P o l a r i z a t i o n  i s  optimized i n  t h e  in te rac tTon d i r e c t l y  oppos i te  t o  t h e  

snake but i s  u sua l l y  depressed elsewhere. 



Figure  7 : Spin motion i n  an 8-shaped machine 

Figure 8 : Sibe r i an  Snake Scheme: t h e  snake i n s e r t e d  a t  s induces an 180' 
s p i n  precess ion  around t h e  e l e c t r o n  v e l o c i t y  



( i v )  Sp in - f l i p  emission of synchrotron r a d i a t i o n  induces depo la r i za t i on  w i th  

a  c h a r a c t e r i s t i c  t ime7) T - (70/El5 x 20 minutes .  

(v) In t roduc ing  t h e  snake breaks t h e  machine p e r i o d i c i t y ,  which may have 

unpleasant  consequences on beam o p t i c s .  

2.5 Summary 

There seems t o  e x i s t  a  p o s s i b l e  scheme t o  main ta in  l o n g i t u d i n a l  p o l a r i -  

z a t i o n  i n  t h e  machine. However s i z a b l e  p o l a r i z a t i o n s  would n o t  be  obtained a t  

a l l  energ ies  (and i n  p a r t i c u l a r  seem excluded above 70 GeV) n o r  a t  a l l  i n t e r a c t i o n  

po in t s .  The maximum p o l a r i z a t i o n  which can be ob ta ined  i s  i n  p r i n c i p l e  92.4% 

but  s u b s t a n t i a l l y  lower va lues  should be expected i n  p r a c t i c e .  

De t a i l ed  s t u d i e s  should be  a c t i v e l y  pursued t o  answer t h e  fol lowing 

ques t ions  : 

- how much d e p o l a r i z a t i o n  i s  expected from o t h e r  sources (experimental  

magnets, . . .), 
- how much does t h e  snake d i s t u r b  beam o p t i c s ,  

- a r e  t h e r e  a l t e r n a t i v e s  t o  t he  S ibe r i an  Snake scheme8 3 9). 

The s tudy  of p o l a r i z a t i o n  e f f e c t s  a t  PETRA and PEP w i l l  be very  informa- 

t i v e  f o r  t h e  i n j e c t o r  design.  Recent measurements performed a t  SPEAR by a  SLAC- 

Wisconsin Col labora t ion  were repor ted  a t  Les Houches by R. s c h w i t t e r s l 0 ) .  The 

exce l l en t  q u a l i t y  of t h e  d a t a  produced (F igs .  9 t o  11) i s  very  encouraging. 

3. Physics  Cons idera t ions  

As we see  i t  today,  physics  a t  LEP may schemat ica l ly  be s p l i t  i n t o  two 

main regions of i n t e r e s t :  

- one l oca t ed  i n  t h e  v i c i n i t y  of t he  i5O pole  where t h e  va r ious  Z0 couplings 

w i l l  be measured; t h e  enhanced c ross -sec t ion  a t  t h e  po l e  w i l l  permit t h e  

s tudy  of low branching r a t i o  decay modes. This  reg ion  i s  we l l  covered by 

t h e  machine ve r s ion  using convent ional  RF c a v i t i e s .  Our presen t  knowledge 

of weak n e u t r a l  c u r r e n t s  i n  o the r  s e c t o r s  i s  such t h a t  important  e f f e c t s  

a r e  expected i n  t h i s  region:  t h e i r  absence would s e t  d ramat ic  c o n s t r a i n t s  

on any theory ;  

- t h e  o t h e r  reg ion  demands high energ ies  and i s  covered by t h e  machine ve r s ion  

us ing  superconduct ing RF c a v i t i e s .  The aim t h e r e  i s  t o  demonstrate t h a t  we 

a r e  indeed dea l i ng  w i th  a gauge theory.  Processes  of p a r t i c u l a r  i n t e r e s t  

'vertex, e t c .  
a r e  t h e  product ion  of Higgs' p a r t i c l e s ,  t h e  s tudy  of t h e  Z U  + W* 
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Figure 9 : Schematic arrangement of the SPEAR polarimeter (SLAC-Wisconsin) 

E = 3.7 GeV 

Figure 10 : Spontaneous build-up of transverse polarization at SPEAR 
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Figure 11 : The measured ratio T ~ / T ~  between the polarization and depolarization 
times as a function of energy. The full line is the result of a 
calculation accounting for depolarizing resonances 



In each region individual reactions have been considered by the working 

groups1) and the importance of a polarized beam facility has been assessed for 

each of them separately. A general conclusion is that in the framework of theo- 

ries containing only few parameters - such as SU(2) B U(1) - polarization does not 

bring much additional information, a result which could be expected. But in all 

cases polarized beams appear to be very powerful revelators of unorthodox couplings. 

Rather than review a long list of different reactions, I shall instead illustrate 

the above statements by choosing two processes, typical of each of the two regions: 

annihilation processes proceeding via a .ZO intermediate state and pair production 

of W' bosons. 

3.1 Annihilation processes3) 

The ZO coupling to a fermion-anti-fermion pair £7 (Fig. 12) is given by 

where % is the .ZO mass, G the Fermi constant and v 
F 

f, af the vector and axial- 

vector couplings. The cross-section for ff production depends on the helicities 

of the incident electrons and outgoing fermions. In particular 

More generally we may write 

" GF M; 
da - - 

d cos 8 16 J2 (S - M;) { f + h g }  

with two possible interpretations of Eq. 17: 

(i) the incident electrons are polarized, with helicities h = h, h- = -h and e e 
no analysis is performed of the final state helicities; 

(ii) the incident beams are unpolarized but the final state helicities are 

analysed, h = h, h- = -h. 
f f 

In both cases, a measurement of g is performed (f is simply obtained 

from the angular dependence of the cross-section measured with unpolarized 

beams). Explicit forms for g are: 

(i) g = A (1 + cos20) + 2 B cos e 

(ii) g = B (1 + cos2e) + 2 A cos e 

where A and B exchange each other when (ae, ve) and (a v ) are permuted. 
f '  f 



A = af ( Q ~  ve - Xvf (a; + v:)) 

B = a  (Qf vf - Xve (a: + v:)) 

G~ 
s M: 

Here X = 8 J 2 . r r a  s - Mg 

and Qf is the charge of f. For ff = ee we obtain g (1 + c0s0)~. 

It therefore appears that measurements (i) and (ii) provide the same 

information in principle. However it should be noted: 

- that (i) and (ii) suffer from very different systematic uncertainties: 

knowledge of the beam polarization, necessity to perform two different 

measurements in one case; knowledge of the analysis power, difficulty to 

deal with quark jets in the other; 

- that (i) and (ii) have different angular dependences, the coefficient of 

(1 + cos28) in one case being that of 2 cos0 in the other and vice-versa. 

The additional information provided by a measurement of g is only the 

sign of v/a. However, g has a better sensitivity to a small v contribution than 

a simple measurement of the angular dependence of the unpolarized cross-section. 

We also note that using polarized beams permits control over different quark 

flavours, or conversely, eases the experimental measurement of different quark 

flavour couplings. For example in SU(2) B U(1) with sin28 = 
W 4  

a = a  = - I  V = V  = O  
e IJ e 1-1 

a = a  = 1  v = v  =1/3 
u C u C 

ad = as = -1 vd = vs = -213 

and 

How this fact can be exploited in practice is investigated in the summary report 

by K. winter1). 

Therefore a polarized beam facility provides some convenience in the 

framework of a theory containing only point-like vector and axial couplings but 

is not at all essential. A radically different conclusion would be reached if 

nature would appear more complex than we now believe; in particular polarized 

beams provide a sensitive revelator of scalar couplings. 



Figure 12 : Annihilation into a f f  pair via a (zO,y) intermediate state 

e+ 

Exchange 

Annihilation 

Figure 13 : The exchange and annihilation diagrams contributing to W? 
pair production 



3.2 P a i r  Product ion of W' ~ o s o n s ~ )  

P a i r  p roduct ion  of W' bosons is  expected t o  proceed v i a  two d i f f e r e n t  
+ mechanisms (Fig. 13 ) :  a  n e u t r i n o  exchange diagram t o  which e- 

L  e~ 
c o n t r i b u t e s  

+ - + 
alone,and an a n n i h i l a t i o n  diagram having both e- eR and eR eL con t r i bu t i ons .  Here 

aga in  beams of equa l  h e l i c i t i e s  y i e l d  zero  c ross -sec t ions .  Cance l l a t i ons  between 

t h e  d i f f e r e n t  con t r i bu t i ons  a r e  i nhe ren t  t o  gauge t h e o r i e s  and, a s  a  r e s u l t ,  
+ 

a ( e i  eL) << a (e- e + ) .  To d i f f e r e n t i a t e  between va r ious  p o s s i b l e  gauge t h e o r i e s  
L  R 

would r e q u i r e  a  d e t a i l e d  s tudy  of t h e  a n n i h i l a t i o n  diagram, and imply d i s en t ang l ing  

t h e  more t r i v i a l  exchange diagram. A pos s ib l e  approach i s  t o  t ake  advantage of 

t h e  d i f f e r e n t  angular  d i s t r i b u t i o n s  corresponding t o  t h e  a n n i h i l a t i o n  and exchange 

diagrams. However, because of t h e  low expected event  r a t e  (2  2000 events  f o r  an 

i n t e g r a t e d  luminosi ty of ~ m - ~ ) ,  t he  s e n s i t i v i t y  of t h e  method i s  no t  very  

s a t i s f a c t o r y 1 1 ) .  Another approach would be t o  switch o f f  t h e  exchange contr ibu-  

t i o n  by us ing  po l a r i zed  beams wi th  h e l i c i t i e s  e- + but  he re  aga in  t h e  expected 
R e ~ '  

r a t e s  a r e  much too small  (Fig.  14) .  D i f f e r e n t i a t i n g  between va r ious  gauge theo- 

r i e s  from a  s tudy of t h e  iZOW+W- v e r t e x  appears t h e r e f o r e  t o  be  a  very  d i f f i c u l t  

t ask .  However, t h e  mere obse rva t i on  of a  s t rong  decrease  of t h e  product ion r a t e  

when switching from e- e+ t o  e- e+ would provide an important  evidence t h a t  we 
L R R L  

a r e  indeed dea l i ng  wi th  a  gauge theory ,  o r  more ~ r e c i s e l y ,  i t s  non-observation 

would be a  good r e v e l a t o r  of non-gauge t h e o r i e s .  

Also, from a  pu re ly  pragmatic po in t  of view, event  r a t e s  a r e  m u l t i p l i e d  

by a  f a c t o r  of 2 4  when t h e  i nc iden t  beams a r e  f u l l y  po l a r i zed  i n  t h e  e c  eft 

h e l i c i t y  s t a t e  a s  compared t o  unpolar ized beams. The importance of t h i s  enhance- 

ment should no t  be ignored:  a  l a r g e  event  r a t e  i n  t h i s  channel w i l l  h e l p  t h e  

s tudy of i n t e r f e r e n c e  between t h e  a n n i h i l a t i o n  and exchange diagrams and pos s ib ly  

permit evidencing second-order e f f e c t s .  

3.3 Summary 

I n  a n n i h i l a t i o n  processes  proceeding v i a  po in t - l i ke  v e c t o r  and ax i a l -  

vec to r  couplings po l a r i zed  beams permit a  measurement of t h e  s i g n  of v / a ,  a  

r e s u l t  which can be ob ta ined  a s  we l l  from an a n a l y s i s  of t h e  f i n a l - s t a t e  h e l i c i -  

t i e s .  However, they  a r e  s e n s i t i v e  r e v e l a t o r s  of o the r  couplings.  

The s tudy  of t h e  ZOW+W- v e r t e x ,  which is  important i n  d i f f e r e n t i a t i n g  

between var ious  gauge t h e o r i e s ,  appears t o  be  a  d i f f i c u l t  t a s k ,  even when us ing  

po l a r i zed  beams. However c o l l i d i n g  d i f f e r e n t  i nc iden t  h e l i c i t y  s t a t e s  would be 

a  powerful r e v e l a t o r  of non-gauge t h e o r i e s .  

I n  add i t i on ,  a  po l a r i zed  beam f a c i l i t y  would b r ing  convenience f o r  ex- 

per imentat ion a t  LEP: p o s s i b i l i t y  t o  perform cross-check measurements, t o  under- 

s tand  t h e  2y background, t o  enhance a n n i h i l a t i o n  r a t e s ,  e t c .  
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Figure  14 : Contr ibu t ions  t o  W+W- product ion from an e- s t a t e  ( f u l l  l i n e )  

and an e- R e* L s t a t e  (do t t ed  l i n e )  f o r  each b f e k e  f i n a l - s t a t e  
h e l i c i t y  conf igura t ions  (axes 1, 2 and 3 a r e  defined i n  t he  
lower p a r t  of t h e  f i g u r e ) .  From K. Gaemers and G. Gounaris,  
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4. Conclusions 

Having briefly assessed the benefits which a polarized beam facility 

would provide at LEP and being aware of the technical difficulties attached to 

its implementation, of the constraints it imposes on the machine design and of the 

limitations in its expected performance, we may conclude by drawing the following 

guide lines: 

(i) avoid taking any step which might preclude implementation of a polarized 

beam facility; such a facility may become a very useful revelator of 

unorthodox phenomena; 

(ii) within conventional gauge theories, and in particular if SU(2) B U(1) is 

sufficient to describe all aspects of weak and electromagnetic interactions, 

it is difficult to make a strong case for polarization; it seems therefore 

appropriate to keep it as an option to be implemented at a later stage; 

(iii)continued studies of possible depolarization effects and of alternatives to 

the Siberian Snake scheme should be actively pursued 
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