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S u m m a r y .  - -  Rigorous c-number solutions of the source-free (but non- 
linear, because of the curvature tensor) field equations of a gauge field B~ 
for the local group G are found. The polarization matrices are forced thereby 
to satisfy a Lie algebra. If this is Abelian, one gets the usual gauge-field 
theory, with any Lie group G desired. In the non-Abelian case, some 
curious new features emerge. The polarizations turn out to be the gen- 
erators of the little group of a timelike momentum, and G is fixed as a 
group containing the homogeneous Lorentz group L. If one uses these 
well-determined polarizations to build the interaction-picture quantized 
gauge field, and requires G to be <~ internal ~) (i.e. to commute with the <~ ex- 
ternal )) Poincard group), then a continuous infinity of independent polar- 
ization states are required, cvcn though as a group-theoretical object Bt~ 
belongs to the mass ~ 0, spin-1 representation space. Interpreting B ,  
as W~, the intermediate boson, one gets an effective current-current 
interaction invariant  against this internal Lorentz group which, since 
SUa~L, breaks SU3 in a specific w~l.y. 

1 .  - I n t r o d u c t i o n .  

I t  is well  u n d e r s t o o d  (1) t h a t  gauge fields, i n t r o d u c e d  to secure i n v a r i a n c e  

aga in s t  local  t r a n s f o r m a t i o n s  of some (, i n t e r n a l  ~) Lie group  G, are n o t h i n g  

b u t  wha t  has  been  ex tens ive ly  s tud ied  in  n o n - R i e m u n n i a n  geome t ry  u n d e r  

the  n a m e  of <~ l inear  connec t ion  >). Thus  we know t h a t  a n y  gauge-field equa t ions  

m u s t  be  w r i t t e n  in  t e rms  of the  c u r v a t u r e  tensor ,  the  on ly  t ensor  fo rmable  

f rom the  connec t ion .  This  c u r v a t u r e  t ensor  shows a << sel f -coupl ing ~) non l ine -  

(1) For example C. N. YANG and R. L. MILLS: Phys. Re~,., 96, 191 (1954); R. UTI- 
YA~IA: Phys. Rev., 101, 1597 (1956); J. SAKVR_aI: zl~n. o/ Phys., 11, 1 (1960). 
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ar i ty  (2) of a very  special type .  We s tudy here what  l imitat ions on gauge-field 
~heory are imposed by  tak ing  this nonlinear s t ructure  seriously. 

I n  the usual t r e~ tement  the  gauge field in the In t e rac t ion  Pic ture  (I.P.) 

satisfies the  Klein-Gordon equat ion bu t  the  polar izat ion vectors  (3) et,(k)a b 
{space-time vectors  ~hat is, m~trices of course on the  in ternal  space) ~re unde- 

t e rmined  by  the  field equations.  We find however  t h a t  if we wish to get ri- 

gorous c-number t ransverse  plane wave  solutions B , ( x ) ~  e~(k)abqz(k.x) to the  

source-free (i.e. only self-coupled) gauge-field equations,  we mus t  force the  po- 

larization m~trices (for ~ny k) to fo rm a Lie algebra ~ (4). I n  the  l imit  ] -~ 0 
as the coupling to the fermion fields vanishes,  these rigorous solutions 
(~(k.x)  ~ elliptic functions) go into solutions of the Klein-Gordon equat ion  
( ~ ( k . x ) ~ l i n e ~ r  combinat ion  of e x p [ ~ i k . x ] ,  k 2~- const) but  now wi th  well- 

de te rmined  polarizat ion matrices.  When  we build the  qu~ntized I .P .  g~uge 

field, we accept  the  polarizations ~s de termined this w~y. 
There are two cases. Case I ) :  ~ is Abelian;  Case I I ) :  ~ is non-Abeli~n. 

C~se I) yields the  usual type  of theory  with invari~nee under  any  in ternal  Lie 

group G desired, and ~ finite num ber  of polarizations e, k ' ~ ] a ,  i----1, ..., n, 

wi th  the  usual  part icle in te rpre ta t ion  of these states of the  quant ized field. 

Thus C~se I)  seems to be the  proper  f r amework  for ~ theory  of vector  fields 
in terac t ing  with  the full s y m m e t r y  G with  fermion fields, e.g. u fields 

or S~kurai 's  vector  mesons which media te  the  strong interact ions,  or possibly, 

wi th  G =  SU3, the  vector-meson resonances. 
Case I I )  yields some curious ~nd, as far  as we know, new concepts.  Lorentz  

invari~nce of B~, ]~xes G ~s L ~ homogeneous Lorentz  group, and  ~ ~s the  
S U2 subalgebr~ (the %(k) in fact  generate  the  little group of the  t imel ike mo- 

m e n t u m  k, namely  S03 ~-- SU2). There is a (continuous) infinity of polariza- 

t ion states,  so t ha t  i t  is not  clear wh~t the part icle in te rpre ta t ion  is, nor  how 
these states would be recognized exper imental ly .  Finally,  this effective in- 

teract ion,  being L-invari~nt ,  breaks  S U~. This suggests t ha t  Case I f )  could 
not  ~pply to ~ hypothe t ica l  e~rrier of the strong interact ion,  but  might  describe 

W,,  the  in termedia te  bosom 
In te rpre t ing  B ~s W, then,  we~kly in terac t ing  p~rtieles would h~ve to fall 

into in ternal  L-mul t ip le ts  labeled by  (j, k), j ~nd k h~lf-integers. I n  ~nother  

(2) Except for the case dim G =  1 (photon). 
(3) Notation: a, b, c .... = 1 ..... ] /  are internal indices, and will usually be sup- 

pressed. The foolproof matrix convention on these (or any other) indices is that adjacent 
index pairs are contracted. Thus F~p means ( F ~ ) a  ~Fl~ab~b, (kA),~k~AV~, etc. 
In general we use the notation of JAccn and ROI~RLICK in their book (Theory o] Photons 
and Electrons (Cambridge, Mass., 1955)) but with t ~ x  ~. ~a~ Fa*A, where A is the 
Dirac operator ~ iy 4 in the standard representation. Thus ~ belongs to the G-repre- 
sentation adjoint to that o~ ~: if ~a--->D(g)~b~b under G, then ~a-->~bD-l(g)ba. 

(4) ~ is a subalgebra of the Lie algebra of G, see Sect. 3. 
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paper  (5) we have investigated the properties of the resulting weak-interaction 
theory using only the special multiplets (j, 0). 

2.  - N o t a t i o n  a n d  b a c k g r o u n d .  

r b The Lagrangian for a massive (6) gauge field B, (x) ,  coupled to a set of fer- 
mion fields ~.(x) is 

1 # 2  
(2.1) ~ - ( f= - -Tr~(y"  V,, § d t l ) y J - - ~ T r F , , F ,  ~ -- ,~-Tr B~W';  

V, is the covariant  derivat ive:  V,yJ = ~ - - ~ , ~  (3), where 

(2.2) P . - -  P~ G ,  G = (~ + G ) / 2  , G - 2 q w .  . 

W~ b has the form W~ ATA~ b, where the T , ,  A :  I,  ..., A r, are matrices ge- 

nerat ing the internal  Lie group G on the internal  spuee spanned by the ~, ; 

(2.3) 

R , ~ ( ~ R , ~ d )  is the c~rvature  tensor of the (reduced) linear connection F , .  
In terna l  indices a, b, ... will generally be suppressed; the t race in (2.1) saturates 
these indices. 

I f  we write 

(2.4) e f  ~ ~ v  ~ (fw ~- ~1 , .5fl ~ t W A ~, 

where 

(2.5) j ~  ~ i Tr  v~yz(1 L iys) T A yJ, 

then j s  is the well-normalized source (fermion) current  density, whose vector 
and axial parts  satisfy the G-current algebra (7). 

We have allowed the total  linegr c o n n e c t i o n / ~  to act on both the internal  
and Dirae spinor indices. Then the separable form (2.2) was chosen, with P~ 

the left-handed projection in Dirac spinor space gnd the reduced connect ion/~,  

(5) A T  ~--�89 rule and the Cabibbo angle, to be published. 
(6) It must be emphasized that the introduction of the mass term in (2.1) violates 

the whole spirit of linear connection theory, and cannot survive in a correct formulation. 
We include it as representing some sort of phenomenology, since otherwise the effective 
current-current four-fermion interaction (Sect. 5) behaves wrong at small momentum 
transfers. 

(7) Thus the Q~(t) ~ �89 satisfy the G-Lie algebra with the same structure 
constants as the T~. 
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h a v i n g  only in te rna l  indices,  t o  give the  in te rac t ion  the  k n o w n  V - - A  f o r m  
(before renormal iza t ion) .  

3. - The polarization algebra. 

The field equa t ions  for  W, are 

(3.1) V, F a~ - -  #2 W ~ = __/j~,  

where V,  is fo rmed  wi th  F , .  

F o r  the  source-free gauge  field (set j '----0) we ge t  the  nonl inear  field 
equat ions  

(3.2) D W ~ +  4]~[W,,  [W",  ~']] - - / W  ~ + 2i][~%, ~ W  ~] = 0 

since 0 = V,  W ~ - -  ~, W ~ - -  2i/[ Wt~, W "] z ~ W ~ follows f r o m  these field equat ions .  
e~k b I f  we look for  c -nmnber  p lane  wave  solutions of (3.2), W ~ b =  ( )~ ~(k-x) ,  

t;e"(k)~ ~ = O, the  last  t e r m  in (3.2) vanishes.  Then  in order  t h a t  t he  double  com-  
y b  m u t a t o r  be  p ropor t i ona l  to  e ~ ,  we d e m a n d  t h a t  the  po la r iza t ion  ma t r i ces  

e ~  e~(k) f o r m  a Lie a lgebra  (s): 

(3.3) [e , ,  e~] - -  i%.a~k~e a 

The s t ruc tu re  cons tan t s  e~,a(k ) m u s t  be skew s y m m e t r i c  in #,  ~, and  if we re- 

quire t h a t  t h e y  be linear in  k, as in (3.3), t hen  c~a ~ m u s t  be t o t a l l y  a n t i s y m m e t r i e  

in #,  v, 2 to  gua ran t ee  k. e --~ 0. 

Fu r the r ,  in  order  t h a t  (3.3) be self-consis tent  ( ~ - h o l d  for  a n y  k), we 

m u s t  impose  a t r a n s f o r m a t o n  law 

(3.4) %(!~A) ~- D(A, k)-~e~(k)D(A, k)A~ 

for  some mat r ices  D(A, k) ac t ing  on the  in te rna l  space (9). 

(s) This idea is due to G. GOEDECKE. 
(9) Actually the transformation law (3.4) is sufficient, not necessary. And in fact, 

in the Abelian case I, the separable solutions e~ (g)a = eu v~je ~aa transform 
according to (suppress a, b) e(/n)(kA)= ~ e~2'B)(k)d~,~(A, k)AV,, where d~,2(A, k) is the 

2' 

rotation induced on the space-time polarizations by A, and D(A, k) = 1, all A. This is 
more general than (3.4). However, (3.5) still holds for all k and 2B because one actually 
has the stronger [e~B)(k), e~(aw>(k)] = 0, 2, ~ ' =  1, 2, 3. 
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I f  the c,~a~= 0 we get the Abelian case: 

(3.5) [e , (k) ,  e~(~)] = o ,  Case 1). 

Otherwise the  c,,ae are not all zero, and it  can be shown (~o) t ha t  they  are pro- 

por t ional  to the to ta l ly  an t i symmet r i c  quan t i ty  e~,~a~. Hence by  normalizing 
the  e, appropr ia te ly  we get 

(3.6) [%(k), e~(k)] ~- i%,a~ea(k)k ~ , Case I I ) .  

The  linking of space-t ime and internal  indices through (3.6) is the basic reason 
why the in ternal  s y m m e t r y  G is usually broken by  Case I I ) .  

A complete set of solutions (9) of I)  (where we define %(k) - -  e#(k)~T~) can be 
t aken  in the separable form o~m,,~,~ (a) ,, ~(B~A (a) '~u ~,~j = e , ( k ) v  , where e~ (k), 2 = 1 , 2 , 3 ,  
are or thonormal  spaeelike and  k. e(a)(k) = O, and e (ma, B = 1, ..., N '  < N ,  is any 

o r thonormal  set in the adjoint  representa t ion  space of G. (The theory  will 
be G-invariant  if and  only if N'----N.) 

By ~ complete  ~) we mean  a sufiiciently large set of polarizations tha t  the  

two-point  funct ion (Wu(x)W~(y)}  o of the  I .P .  gauge field be proport ional ,  
in m o m e n t u m  space, to (gj,, + k~k~/#2). 

As for Case I I ) ,  we recognize (3.6) as none other t han  the commuta t ion  
relations for the generators  w,(k)  of the litt le group of k! Hence %(k) = %,(k) 
= �89 ar is a solution for any  finite-dimensional representa t ion  M at 

of the L-Lie  algebra.  Thus in Case 11) G is forced to be the  homogeneous Lorentz  

group, or a group containing it. I n  the t rans format ion  law (3.4), D(A,  k) be- 
comes S(A)  ~ exp [i/2]ea"'M,~, where (o "~ are the paramete rs  of A. 

:Now given one set of matr ices  Mz~ , then  of course M(S)u, ~ S-~Mu,  S, for 
any  nonsingular  inatr ix  8, gives another ,  usually different, solution of ] I ) ;  
a n d  whether  these represent  <( independent  polarizat ions ~) can only be decided 

with reference to the two-point  funct ion (or the propagator) .  We shall find 
tha t  completeness,  in the sense of above,  demands  a continuous infinity of 
~( independent  t) polarizations. 

Get t ing back  to the problem posed at the beginning of this Section, we 

find f rom (3.2) and  (3.5), (3.6) t ha t  the  phase  funct ion q~(k.x) satisfies 

(3.7) ( D - - # 2 ) q ~ = O ~ = e x p [ i i k ' x ] ,  kZ-~ re2= O; Case I),  

(3.8) q~" + q~--81273= 0 ,  k 2 ~- # : =  O; Case ]I) ,  

(1o) Write (3.3) for the ea(kA) and use (3.4). The D(A, ]c) cancel, and one is left 
with c~va~A~oA~TAafA~v, = CeT~. Thus c~a~ =:ce~a~, c = complex number and ~ 0 since 
e~va~# 0, g.e.d. 
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where ~ ' ( z ) =  dq~/dz. (3.8) is the  anharmonic  oscillator equat ion and  can be  
solved exact ly  in te rms  of elliptic functions.  As J -~ 0, ~ --> exp [ =L i k .x] .  

We remark  t h a t  if there  is no m~ss te rm,  however,  since the  double com- 
m u t a t o r  t e rm  in (3.2) is propor t ional  to k ~, jus t  like the  t e r m  [~W ~, ~ satisfies 

the equat ion ~'~--812~ 3--  0 in Case I I )  where k 2 =  any  constant .  1.e. in the  

ease /~2= 0 in the Lagrangian,  the  wave  functions need not  be massless. 

4. - The quantum field and its propagator. 

We concentrate  on the  new Case I I ) .  The quant ized gauge field in the  

I .P .  is then  (~) 

(4.1) W,(x)  = (2=)-g #-~ N(d4kO(k)d(k  2 ~- #2) e ( i ) f k ~ .  
u k ] 

J i 

�9 {a<')(k) exp [ ik .x]  § a(~)(k) * exp [ - - i k . x ] }  , 

m satisfy the  algebra (3.6) and i runs over  a complete  where the polarizations e, 
set, to be determined.  N normalizes the  sum over i. Since e ~ ) =  u,(~ ~), lit- 

tle group generutors,  /~-~e~ ~) are dimensionless. 

One then  finds 

(4.2) ( ~ ; ( x )  g%(Y)}0 = + exp [ik. (x y)]A~,,,(k) , 

where 

(4.3) b d ( i )  A ~ ( k ) ( =  A.~(k)o c ) -- ~-~;V ~ ~ e. (k) |  4"(k). 
i 

Now since a and  b are in ternal  indices, they  should not  be ro ta ted  by  (ex- 

ternal) Poincar~ t ransformat ions .  So we impose the  convent ional  relat ivist ic  

t r ans fo rmat ion  law 

(4.4) U(Z) W"(x)a b U(L) -1 : A ~  W~'(L--IX)a b , Z - i X  =~ A - I ( X - -  a ) ,  

(note the  unaffected internal  indices). Specializing to a pure  Lorentz  t rans-  

fo rmat ion  (a = 0), this gives via  (4.2) 

(4.5) A.~(kA)  = Aa, (k )Aa#A ~, �9 

(11) We h a w  chosen to make W,(x) "~ (obtained by factoring out the generators 
T~ = M~) a self-adjoint field. By using the polarizations corresponding to the inequiv- 
alent L-representations (j, k) and (k, j) in the annihilation and creation parts respectively, 
a more general theory might be obtained. 
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B u t  f rom the  definit ion (4.3) ~nd t he  l:~w (3.4) wi th  D(A, k )=  S(A) we get, 

(4.6) As~(kA) S(A) -~G,~(A)-~A~(k)S(A)G S(A)A~sA~ �9 

Thus  for each index pai r  )~, A~(k) m u s t  be inva r i an t  unde r  con juga t ion  by  S(A). 
This can never  be realized by  a finite n u m b e r  of polar izat ions.  I f  we t a k e  

an  infinite nmnber ,  however ,  one for each Loren tz  ro t a t ion  A, and  define 

(4.7) (~, ,~(A)-~ C, S(A) , e s 

(0) is defined wi th  some s t a n d a r d  mat r ices  M~ ~ and  where e s 

(4.s) As~(k) tt 2 NfdA~c(A~)(k ) (~ e(~)(k), 
L 

where the  in t eg ra t ion  goes over  the  whole g roup  mani fo ld  L and  dA~ is t he  

inva r i an t  g roup  vo lume element ,  then  A~e(k) is indeed  i nva r i an t  under  conju-  

ga t ion  by  any  S(A), since these  mat r ices  s imply  get  (~ absorbed  )). 

To eva lua te  (4.8), no te  t h a t  A,,(k) m u s t  have  the  form 

(4.9) A,,~ (k) tr'~( - k~g#~ + k . k ~ ) ( . / Z ) i ~  ~W "~ , 

where  a is :~ pure  number ,  and  M , ~ =  S(A)-~M(~8(A) for any  A e L .  This  

follows f rom kSA,,. = k 'A , , - -  O, [S(A)@ S(A), AsS ] =- 0, and  As~ quadra t i c  ho- 
mogeneous  in k. Hence  to  eva lua te  At~ , i t  is enough  to  eva lua te  AsS. P u t t i n g  
in the  explici t  expressions for eir176 the  integrals  can be done (1~) and  we  
get  finally a =: 1. E q u a t i o n  (4.1) becomes  now 

(4.~o) tl~(x) = (2:n)-~ #-Z N f d@O(k)6(k~ T tc~) f dA,,,~,(k). 

�9 {a"l'(k) exp [ik.x] 4- a'a '(k) * exp [ - -  ik.x]}, 

e (A)#(k ) 1 ,v M(A)ar M(A),~ = (~)es~a~k , , ~ S(A)-~31(~ 

(12) These are evaluated by considering k~=(kA1) 4 a complex variable and rotating 
the path to the imaginary axis. Thc justification is that  otherwise we get a noninvariant 
result, nonsensical bccause we know that At,, conmmtes with 8(A)| S(A) and is thus 
oc Msv @ Ms~. This (( paradox )) is not so surprising when we consider that  these integrals 
are divergent, because L is noncompact ( N - l =  cx~), and a limiting procedure must be 
used. 
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Then the t ransformat ion  law (4.4) implies 

(4.11) U(A)a(A1)(k) U(A)-I= a(A-~A~'(lcA) , 

~s is easily worked out by  changing d u m m y  variables  a few times,  using (3.4) 

and  the invar iance of the volume elements  d4k and  dA. The commuta t i on  

relat ions are 

(4.12) [a(A)(k), a (A') (k')*] = 2(o~ ~(k - -  k ')  6(A - -  A ' ) ,  

and  these are invar ian t  under  (4.11). 
The q u a n t u m  field thus shows several  new features relat ive to the  usual  

case I).  There is a continuous infinity of ((polarization states ~) correlated 

1-1 with Lorentz  rotations.  These do not ma in ta in  their  ident i ty  under  Lorentz  
t ransformat ions  (ef. (4.11)). Moreover, the in terpre ta t ion  of the  (~ one-gauge- 
part icle s tate  )> a(A)(k)*10} is not clear. Group-theoret ical ly  speaking, W~,(x)~ b 
given by  (4.10) belongs to the mass = /~ ,  spin ~-- 1 representa t ion  of the  Poin- 

car6 group for each a, b, as one sees f rom (4.4) together  wi th  ~, W ~- -  0. I t  dif- 

fers thus dynamically f rom the usual such gauge vector  (Case I)),  i.e. in its 

s t ruc ture  as an operator  in s ta te-vector  Hi lber t  space. The infinite n u m b e r  
of operators  a(A)(k), l inearly independent  by  (4.12), is not  the  same th ing  as 

the  finite number  of operators  in the  Case I) theory.  

5.  - The ef fect ive  w e a k  in terac t ion .  

The p ropaga to r  turns  out, af ter  some labor,  to be (13) 

1 j~ 
(5.1) i(TB~(x) Wv (Y))o = ~ (J~ @ -- Ki  ~ Ki) �9 

i ( _= k#k~ exp[ i k ' ( x  -Y)] 
�9 (2:~)- d4k g~,, --~-] k 2 +1, 2 - i 6  ' 

where J~- - - -J~-Mjk  (ijk cyclic pe rmuta t ion  of 123), 

Ki = K i : ~  Mi4 , i, j, k = 1, 2, 3. 

Hence tak ing  0(p)  Moller scat ter ing t ype  graph,  we find t ha t  in the small 
m o m e n t u m  t ransfer  l imit  Ik,]~<~# 2, v = l ,  ..., 4, the theory  leads to the ef- 

(la) Here, just as in ordinary vector meson theory, the vanishing of certain singular 
integrals in the complex k4-plane allow the replacement (k ~) . . . . .  hen~Wk-+ k ~ in the 
factor (--k2g~,~+ k~,k,) .... in the propagator. We chose to make this replacement in 
~he term k~,k~ but kept - - k 2 =  ~2 in the --k2g~ term. 
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f ee t ive  c u r r e n t - c u r r e n t  w e a k  interact ,  ion 

(5.~) G G 1~ 
~ ;  ~ (J,.j,, - K, .  K,) ,  v'J 3~:" 

H e r e  t h e  c u r r e n t s  J a n d  K a re  def ined  b y  the  g e n e r a l  f o r m u l a  ( . .5) ,  t a k i n g  

2'~ M2~. M.~, M~2 a n d  M~4, M~4, M3~ r e s p e c t i v e l y .  

To m a k e  c o n t a c t  wi~h phys i c s ,  i t  r e m a i n s  t h e  ass ign  to  w e a k l y  i n t e r a c t i n g  

pa r t i c l e s  to  L - m u l t i p l e t s  (j, k) (<( weak  m u l t i p l e t s  ~>) a n d  m o r e  (s ince  SU3 ~ L : 

= S03.~ a n d  t hus  SUa is b roken )  to  ass ign  t h e  a e t u a l  m a t r i c e s  M , ,  w i t h  whose  

bases  t he  h a d r o n s  a re  iden t i f i ed .  This  is e x p l o r e d  in  a n o t h e r  p a p e r  (ref. (~)), 

so we sha l l  conc lude  here  b y  j u s t  m a k i n g  a few g e n e r a l  r e m a r k s .  

~)'f. is (~ r o t a t i o n a l l y  i n v a r i a n t  ~, m e a n i n g  t h a t  i t  c o m m u t e s  w i t h  t h e  J 

( ac tua l l y  i t  c o m m u t e s  w i t h  t he  K also).  H e n c e  n e u t r a l  c u r r e n t s  a re  neces sa r i l y  

imp l i ed .  I n  ref.  (6) i t  is shown how th is  Mlows a d e r i v a t i o n  of t h e  A T : ~  

rule ,  w i th  t he  cor rec t  s m a l l  a d m i x t u r e  of A T :  2 a for  t h e  n o n l e p t o n i c  decays .  

H o w e v e r ,  these  n e u t r a l  cu r r en t s  also l e ad  to  some of t he  u s u a l  diff icul t ies .  

N o t e  t h a t  t he  c u r r e n t s  J a n d  K h a v e  t h e  s a m e  c o m m u t a t i o n  r e l a t i o n s  as 

v e c t o r  a n d  a x i a l  p a r t s .  H o w e v e r  ~'f~ has  no cross t e r m s  in  these ,  i.e. we c a n n o t  

descr ibe  5f'~ b y  a t o t a l  c u r r e n t  w i t h  V a n d  A p a r t s .  Th is  was ~ d i r ec t  conse- 

quence  of h a v i n g  the  L o r e n t z  g roup  as i n t e r n a l  g roup .  W h a t  s ign i f icance  th i s  

m a y  have ,  we do no t  know.  

R I A S S U N T O  (*) 

Si trovano rigorose soluzioni in humeri c e delte equazioni di eampo libere da sorgenti 
(ma non lineari,  a ea~usa del tensore di eurvatura) dcl eampo di gauge B~ per il gruppo 
locale G. Si eostringono eosi le matr iei  di polarizzazione a soddisfare a un 'algebra di Lie. 
Se questa b abeliana, allora si ha la normale teoria dei eampi di gauge, con un qualsi- 
voglia gruppo di Lie G. Nel easo non abeliano, emergono aleune nuove earatterist iehe 
abbastanza insolite. Le polarizzazioni risultano essere i generatori  del piccolo gruppo 
d i u n a  quanti th di moto telnporale, e G ~ fissato come un gruppo eontenente il gruppo 
omogeneo di Lorentz L. Se si usano queste polarizzazioni ben determinate per eostruire 
il eampo di gauge quantizzato del modello di interazione e si riehiede ehe G sia (~ interno ~) 
(eio5 ehe eommuti  eol gruppo di Poinear6 <, este.rno )~), Mlora si riehiede un'infinits continua 
di s ta t i  di polarizzazione indipendenti ,  anehe se B~ della teoria dei gruppi appart iene 
allo spazio delle rappresentazioni con massa > 0 e spin 1. Considerando B ,  come W~,, 
il bosone intermedio, si ha un effettiva interazione eorrente-eorrente invariante  rispetto a 
questo gruppo interno di Lorentz ehe, poieh6 SU a ;~ L, rompe la s immetria  di SU 3 in 
modo speeifieo. 

( ' )  T r a d u z i o n e  a c u r a  d e l l a  R e d a z i o ~ e .  

6 - ] l  N u o v o  C i m e n t o  A .  



~2 R. L. INGRAHAM 

I(aJ~n6ponaHu~e noy[~ u a~we6pa no~pn3auu~. 

PeamMe (*). - -  I-lony~IeHbi cTporrle c- ,mcnennbm pe~tteHn~ ypaBneHn~ n o ~ a  6e3 HCTO- 
tlHI4KOB (HO Hennaefumm n3-3a Ten3opa KpI4BI43Hbl) ~JLK ranH6poaoqHoro  n o n ~  B~ ~lna 
nOKanbHO~ rpyrmbi  G. HpH 3TOM Tpe6yexcn, ~Ixo61,I MawpnubI n o n n p n 3 a u n n  yl~oBneTBO- 
pmarI a,qre6pe YlrL Ecari  0TO a6eyieB cYiyqakl, TO noJlyqaeTc~ o6bp~Ia~ KanH6pOBO~iHaa 
TeopI4~I IIOJl~l, C ~tO50~ ~eyl&eMo~[ G rpyrmoR f in .  B Hea6eJIeBoM cny~ae IIO~[BJI~IIOTCJt 
HeKOTOpbIe ~ro6onJ, ITHbIe aOB~m OC06enHOCTn. OKa3~maeTcn, ~TO n o n a p n 3 a u n a  npencTaa-  
:~ZaOT reHepaTop~,~ Ma~eHbKO~ rpyrLru, i BpeMeH~-noao6noro IaMrtyJ]bca, rr G onpe;IezneTc~, 
Ka~ rpynna ,  c o z e p ~ a m a a  o)IrtopoaHym rpyrmy YlopenTua L. EczH ncnonb3OBaT~ 3Tn 
x o p o m o  ortpeaeaeurmm r to~apaaaumt  ~n~t IIOCTpoeHI4~t K~,pTHHbI B3RIdMO~eff[CTBH~ KBaHTO- 
BaHHOFO KaI1H~pOBOKFIOFO I[OJI~I, ]4 Tpe6OBaTb, qTO6~,t G a B ~ a C b  (( BHyTpeHHe~ >) ( 3aMe- 
rr~T~, c (~ BHetUHefi )) rpyrmofi  HyaHrape) ,  TO Tpe6yeTca nenpep~,muaa 6eCKOHeqHOCT~ 
He3aBHCHMbIX COCTOJLrlI4~ IlOJ]~pH3allI4H, ~a)Ke ecylH TeOpeTnKO-rpyrLnOBO~ O6],eKT Bt~ rtpnHa- 
~y~emi4T rlpocTpaHCTBy npe~cTaBnermR c MaccoR > 0 ~I CIIrIHOM I. I/IHTepnpeTHpy.~ B . ,  
Kast ~r#, ilpoMe~yTO~iHbii~ 603OH, MO~HO rto~yq~TZ, 3qb~eKTHBHOe TOK-TOKOBOe B3aHMo- 
~eI~CTBHe~ HHBapl/I~I.HTHOe OTHOCHTeYlbHO 3TOil BHyTpeI-IHel~ r p y n n ~  .J'-[opeHTtla, KOTOpOe 
HapymaeT SU~ oilpe~eaeHHblM o6pa3oM, xa~ xa~ 8 U  a 75 L. 

(') Hepeeec)eno pec)amluert. 


