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A b s E r a c t s 

*)  

We discuss s ome  aspects  o f  composi tenesa r e la ted to the 
hypo thesis  tha t  the weak boson  s ys t em represents a mas s  p ro tec­
ted bound sta te . We p res ent  a f ramewo rk wh ich possesses a non­
pertu rba t� ve la t t ice  regu lari zat ion  a nd where no No-go t heorems 
va l i d  for QCO like theo ri es deny thi s  poss ibi l i t y  a p r iori . 
Above the weak bosons one  more  " l i gh t "  iso t r ip let  vector boson 
w i t h  some pecul iar  p rope r t i es , p resumab l y - easy  to  dist inguis h 

exper imenta l l y , is p redicted .  Combi na t ion  wi th a mode l o f  qua rk­
l epton  compos i teness a l lows for  heur i s t i c  a rgu�ents  sugges t i ng 
tha t th ree genera ti ons m i ght  b e  p re f e red over  o the r  numbe rs of  
rep lica . The a rguments ca n i n  p r i ncip le be  s ha rpened i n  a non­
per turba t ive fo rmula t ion of  the mode l .  

* ) Sem i na r  p rnsented a t  t he  6 t h  Adria t ic  Mee ti ng on  Pa r t i c l e  
Phys i cs , Dubrovnik , June 1989 , "Modern Trends i n  Pa r t i c le 
Phys i cs " .  To appea r i n  the  Proceedi ngs . 



The expe rimenta l absence 
states  in  the weak boson 
cep t o f  a me s s  p rotected  
ueak  boson  mas s  a nd A 
have 

of nea rby resonances and s ca la r  bound 
sys t em leads us  to the  tenta t i ve con­
bound s ta t e , that is if mu i s  the 

the s ca le of compos i teness one should 
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mw <- < A w  I ( 1 )  

i n  the i s o t r i p let  s p i n  o ne channe l , - The b reak i ng o f  the , now 
g loba l ,  su

2

weak is accomp lished  by the Hung-Sakura i  m i x i ng
mecha n i sm ( l ) . The  Hi ggs ( 2 ) i s  a bs e n t  f rom the  theory , mw
i s  due to the bound s ta te d y namics . 
To ma i n ta i n  ( 1 ) a ga i ns t  rad i a t i v e  correct ions the low energy 
( E <. <" A w ) theory of  the  1a1eak boson  mus t b e  reno rma l i zeb le . 
Si nce the weak boson  is  a mas s i ve e nd ( here g loba l ly ) nonabe l ! a n  
pa r t i c l e  t h i s  imp lies  t h e  van i s h i ng o f  a ll dimens ion  4 s e l f­
coup li ngs ( 3 ) . Among o ther  things  t h i s  leads to  a def i ni t e  re­
la t ion bet1a1een the t re e  l evel  v e r t i ces  of Z --.. w•w- i n  
the p r es ent  mode l end the  Standa rd Mode l ( 2 ) 

0
[ s . M . ] .  ( Roughly 

a suppression  by a f actor  - tg 2 8 occurs relative  to the 
s . M. ( 4 ) ( e·.., is  the  We i nb e rg a ng 1� ( 2 )

) .

Fi g .  1 g i ves an  ex�mp le  o f  t h i s  r e la ti o n  a nd shows tha t a t  L EP  200  
one ca n unambi guou s l y  decide  whe ther  the  weak boson  is  a gauge 
pa r t i c l e ( 2 ) or  a " l i g h t "  bound s ta te obeying ( 1 ) . 

To f i x  a theo r e t i ca l  f ramework IJe f i rs t  cons t ra i n  the  a l lowed 
p reon f i e lds by t he requi reme n ts s 

( 1 ) The bound s ta te theory  mus t not have Go lds tone
bosons t rigge red by  confi nemen t .

( 2 ) T h e  theory  mus t no t ha ve  s ca la r  bound s ta tes l i gh te r  
than the weak bosons . 

Th i s  exc ludes Di rac f e rmions a nd s ca lars a s  p reons o We therefore  
t r y  We y l  f e rmi ons i n  su

2 
r ep resenta t i ons . Mo re  p reci s e ly 1a1e  con­

s ider  a f i e ld r: i ( x ) where  � r e f e rs to the  (undotted ) sp i n  
i ndex , ! t o  the  Fundamental  r e p resenta t ion of  an  su2 hyper-
co lor gauge g roup end � deno t e s  the  fundamenta l  rep resenta t i on 

weak of the g loba l su
2 

•
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Now the only  Lo rentz  a nd gauge i nva r i a n t  condensa te tha t ca n 
form , <Dl r1

( x ) io-2 1�2 iT2 
r ( x ) I O> (uhere io"'2 , 1�2 ,

i • T2 a re  the  ma t r i x ( _�  � ) i n  spi n ,  hypercolo r a nd SU�eak 

space respecti vely ) , l s  a l s o  SU�e ak i nva r iant . Hence no a na­
logue  o f  the p i on (s ca la r  i s o t ri p le t ) exi s ts . I so s i nglet  
s ta tes  become heavy ( s ) . I ndeed one  can  a rgue tha t the  s p i n  one 
i sotr iplet  s ta te may ue l l  be the l ightest  one con t ra ry to QCD ( G ) . 

We no te tha t  the s t ro ng l y  coup led  Yey l  fermion theory has a 
gauge i nva r ia n t  lat t i ce regula r i z a t ion  qui te  s imi la r  to the  
Wi lson  la t t i ce ( ? ) exce p t  t ha t  t he species  doub lers a re suppressed  
by Ma jorana masses  i ns tead of  Di ra c  masses . Because  of  the  re­
qui red � rev i ty o f  t h i s  repor t  we do  not give the deta i ls he re ( 4 ) . 

To get  a fee l i ng f o r  the  dynami cs let  us compa re wi th QCD a nd 
ask s can QCD ex i s t  i n  a phase  wi t h  mp a O and m � 0 7 We 
expect the a nswe r to  b e  nega ti v e < 6 ) but i t  i s  in ter;s t i ng t o  
s ee how i t  happens i n  the  la t t i ce s t rong coup ling l imi t .  I f  ue 
ad jus t in the e f fec t i ve a ct ion  mr c O we end up u i th m� < O ... .. .. 
A pe r t inen't s h i f t , o f  the  p ion  f i e ld 1' -+ 4 1' > + O r 
r: C rJi y 5 ;, rJi ) WOU l d  i n t roduce 8 S p o ntaneous  b reak i ng O f  i s o­
vector  ro ta ti ons , whi c h  i s  forbidden i n  QCD ( � ) . 

I n  the Wey!  fermion  theory  however  there  i s  no s ca la r pa r t i c le 
whose mass  i s  p ro tec ted b y  the  chi ra l  s t ructure o f  the  va cuum 
so as to produc e an i ncons i s tency  i f  one a d justs  f o r  m C O •"' 
Houever  then a spontaneous b reak i ng of  Lorentz  i nva riance i n  
the i so t r ip le t  channe l i s  requ i red  (a t  lea s t  in  t h e  con ti nuum 
limi t 1  this  sa t l s f ies  the theorem of r e f .  ( 9 ) , as ue l l  as a n  
" inve rse  Go lds t,me theo rem " (4 ) ) I

I o 1 ( 2 )

No te t ha t the re  i s  no a na logue o f  the  theorem of  r e f .  (8 ) tha t 
wou ld forb i d  ( 2 ) . - One ca n g ive  a heuri s t i c  e rgument (4 ) to the
ex ten t tha t e sma l l  va r i a t ion o f  the  e f fect ive a c t i on cons t ructed 
from the la t t ice ( namely  o f  t he Wi lson type ad jus tab le  mas s  pa­
rame ter (4 ) , ( 7 ) M ---.  M + (IM ,  OM < � A ) ca n lead to a phase  wi th

IJ 
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m
"' 

.,i O and <o , r \ x )  0
u T A r (x )  I 0 >  c O • I f  t h i s  t r ans i t i o n  

i s  s moo t h  o ne e xpects  rough ly 

N OM .c. C: A 
IJ ( 3 ) 

The nea rby ' Go lds tone ' phase  protects  m.., s t i l l  i n  the Lo re n t z  
i nva ri a n t  p hase . 

The la t t ice  f o rmulat ion  a l l oYs f o r  a nonperturbe t i ve check of  
this  p roposa l whi ch i s  a lso  o f  i nterest  per se,  i ndep endent o f  
the app l i ed no tion  o f  composi t e ne s s .  

I f  t h e  theor y  b ehaves a c co rd i ng t o  thi s p roposa l then before 
va rying M awa y  f rom the  point  whe r e  m a O the  two condensa tes

t w 
<O I r (x ) a-u TA r (x )  1 0> e nd < O I F" T ( x ) io--2 11:

?. 
f . r2 r (x ) I O) 

can coex i s t  (wi thou t i n t roduc t i on of  a ta chyon , as we have seen ) .  
I n  this  cas e a ls o  the  condensa t e  

(4 ) 

wi 1 1  occur .. ( et O 
c ( b P >  , I mea ns t ransposed ) .  The same a rguments 

us ed wi t h  (2 ) a ls o  app ly  to (4 ) and Ye  conc lude tha t there  ls  
another " l i g h t " pa r t i c l e  c rea ted b y  the  ant isymme t r ic and s e l f-
dua l f i e ld e! 13(x ) a f t e r  M � M + OM was performed as
des cribed  above (s i nce i t  is "baryon l ike " Ye expect  mm < m8 <</\ .., ).
However  the s e lfdua l f i e ld a:a (x ) ca nnot be quanti zed in  Mi n-
kows k i  spa c e ,  i ns t ead  i t  ca n be  s ho1.1n tha t the  f i e ld oC {x ) = 

= D a. a:13 ( x ) p ropa gates  the  s p i n  one i so t r iplet  modes 1.1i th  me s s  
m8 i n  Mi nK owsk i spa c e  ( s e e  r e f .  (4 )  for e discuss ion  of  this  
po i nt ) .  S ince J

a oA ( x ) a O any  ( ch i ra l )  current  coupling to
A a a A D a (x). mus t obey :) Ja ( x )  a O • No s uch dim a J current  e x i s ts . 

Hence JA ( x )  mus t b e  a dim > 3 current  whi ch i s  made cons e rved a 
by  cons t ruc t i on (end does  no t v i o la te e le c t r i c  charge conse rva t ion  
when  coup l ed to oA (x ): we choo s e  Q � ! ;  Qd c - ; for  the r (x )  f i e l d )  

a. up  own 

A 1 a - A Ja ( x )  N 
A 2  J 

[ Q l ( x ) (  O aa-13 - a-a.0 13 ) T QL ( x ) ) ; (5 )

( rJL ( x )  denotes  e l e f  t he nded qua rk o r  lepton  f ie ld  e nd A a the  
comp os i t enes s sca le  for  qua rks a nd l e p t ons ) .  
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fur t h e r  s i nce  chi ra l i ty i s  no t a good quantum numbe r  o: ( x ) 
embod i es two i ndependent f i e lds ( i ts Re- a nd Jm-pa r t ) . There-
fore  i f  p roduced i n  e +e- co l l i s i ons  via  1*  the cross  s e c t ion  
ui l l  look as fo r a doub le  charged p a r t i c le , a lthough the  i oni­
zation  p e r  t ra ck corresponds to un i t cha rge . Because  o f  ( 5 )
coup l i ng · to qua rks a nd lep tons i s  h i ghly  s uppressed  ( A Q � 100 Te V 
p resuma b l y ) . The same ho lds for  coup l i ng to  weak bosons because 
the  p a r t i cle  r e lated  to oS ( x ) la  aga i n  mass p ro tected ( 4 ) . 
There fore i t  w i l l  b e  unusua lly long l i ve d .  I ts d i s covery  wou ld 
be a s  important  for  "the  p resent  theory  as  the Higgs  l s  for the  s . M • •  

ri na l l y  ue w ish  to relate  the  mod e l  to o ne with  qua rk end lep ton  
compo s i teness .  I nt roduci ng en  su2 { A Q ) hyp er co lo r  d i f ferent  f rom
the ea ��l e r  su2 (Aw ) where  In b rackets  we have denoted the s ca le 

. whe re the  gauge f orce becomes  s t rong  (AQ ). > A. w e 1 101.rs to unde r­
s te nd 1.rhy 1.reak i nt e ract ions  a re 1.reak ( 4 ) , { l O )) we wri t e  the  compo­
s i te l e f thanded up-down qua rks a nd leptons co l lect ively a s  

o c , Nr c L c ,  Nr  e. r6 
L a eb  b ' ( 6 )  

1.rhe re c =· 1 , 2 , 3  i s  f o r  SU (3 )  Q C D  co lo r  a nd c c  4 for  leptons . 
c , N 

0 8 a nd la f e re s ca la r  a nd l e f tha nded f e rm i ons respect i ve ly
i n  the  fundament� l rep resenta t i on o f  su2 (AQ ) and Nr denotes 
fami l y  rep l i ca ti o n .  The rA 

1. ( x )  r ! e lds  a re now compos i te e t  
(X '  

sca le A Q 

Fup = X 0 i is 
* 
a ,

(7 ) 

up-do1.rn p lay  the role  of the ea r l i e r  i ndex  A a nd Xi 8 ( x )  l s  a
Yey l  f ermion tha t t ra nsforms both  i n  the  fundamenta l representat i on  

o f  su2 ( A w >  and su2 (A 0 ) •

Ye s k e tch some h1:1u r i s t l c  a rguments  i ndica t i ng tha t Nr could be 
f i x ed by  requi r in g  tha t the  su2 ( A Q ) dynami cs be  conf i ni ng 
( i n  the s e ns e  of  a bsence o f  hyperco lor  a symp tot ic  s ta t es ) and 

TM M '  ch l re l l ty p res e rvi ng , t ha t  ls  �O  I L ( x ) 1 0"2 i i:2 L I Q ). c 0
w i t h  M • M '  = 1 , • • .  , 4 Nf • 

Asymp t o t i c  f reedom requ i res Nr � 4 ( th is  bound occurs ra ther
na r rou , 4 Nr < 19 , 5 , and thus depends on  the  de ta i ls o f  the  



mode l ' 3  f i e ld content } .  furthe r  f o r  N F c 4 the 2-loop a-func­
t i on  g i ves an i nf re red  s ta b l e  f i x ed po i n t  ( I RSFP ) a t  
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x = 9 2 / (4 . ) 2 = O , l a nd f o r  N r  = 3 a t  x c f� ( i t  was a s sumed 
tha t on l y  the  L ( x )  - p reens rema i n  mas s less  i n  the i nf ra red ) .  
A t  a n  I RS fP  no d imens i o na l t ra nsmuta t ion  can  occur a nd the gauge 
forces  do not gene rat e  a conf i nement  sca le .  Cle a r ly the 
NF c 3 I RSFP we canno t t rus t a nd f o r  the res t of this no te  we
assume that i t  is not t h e re .  The NF = 4 I RSFP is deep e r  in the
pe r turba t i ve region  and we take i t  a s  en  i nd ica tion  that  wi th 
a b e t t e r  knowledge of  P (g2 ) ( no furthe r z e ros ? ) we could 
eventua lly  rule  out  a 4 t h  fam i ly .  We a re then l e f t  wi th Nrc 1 , 2  
o r  3 .  Now the f o rma t i o n  o f  ch! ra l i ty b r eak i ng condensa tes can
s top if the f e rmionic  s creening  is s t ro n

1 
enough (whi ch i s  per­

t i cu la r i ly s ev e re f�
r mass less  p a r t i c les  1 2 ) , a r e la t ed e f fect  ( l l )

i s  obse rved i n  QCO ( 3 ) ) .  A rough e s t ima te  leads to  the cond i t ion 
exp  ( 4� ) N l  for  fas te s t  s c reen ing . So the  la rges t a l lowed Nr , 

r 
namely  Nr = 3 ,  has the  bes t cha nce' to  k eep  chi re li ty a nd to 
s c reen  asymp totic  hyp e rcolor  cha rges . S i nce  a nonpe rturbat ive  
formu la t i on can be  set  up ( l l ) these  heu r i s t i c  cons i de rat i o ns can  
be  sha rpened by look i ng ,  for  examp l e , for  a chi ra l phas e t rans i­
t i on a t  Nr = 3 .  We a ls o  note  t ha t in th i s model  9 QCD ca n he
rota ted away ( l l ) . Fur th e r  the  a b s e nce  of  W - fami l i es i s  re la ted
t o  the reqiu red absence  o f  Gol ds tone  bosons . Thi s  is  further  d is­
cuss ed i n  ref . ( 1 1 ) .
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rigure Caption s 
f i gure  1 shous the  a ngula r di s t r i b u t i o n  f o r  e +e- -+ w

+
w- a t  thres-

h o ld ene rgy for  the s . M. a nd for  the  cas e  o f  e ' l i gh t ' b ound s ta te 
w eek bos on .  I n  the la t t e r  case  t he  e f f e c t  o f  a va r i a t i on o f  the  e no­
m A l ous mA gnRt l c  moman t  � ls  a l s o  p l o t te d .  
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