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Much a t ten t lon  1s  be lng  pa ld  o f  la te  1n  e lementary -par t l c le  phys lcs  to  the
posslble degeneracy of vacuum, and the ensulng spontaneous breaklng of one sym-
metry or another.  The most dlrect consequence of vacuum degeneracy 1s the oc-
cur rence o f  the  zero-mass par t l c les  ca l1ed Go lds tone par t l c les  t ] ] .

Of  a l l  the  present ly  known e lementary  par t l c les ,  on ly  the  neut r lno ,  photon ,
and gravl ton have zero mass. The last two, however,  corr€spond to gauge f lelds
and apparent ly do not requlre vacuum degeneracy for thelr  descr lpt lon. The neu-
tr lno 1s therefore the only part lc le whose exlstenee may be dlrect ly connected
wlth vacuum degeneracy.
'  We wlsh to polnt out herae that the hypothesls that the neutr lno 1s a Gold-
s tone pa : : t1c le  leads  to  a  de f ln l te  type  o f  neut r lno  ln te rac t lon  bo th  w l th  o ther
neut r lnos  and w l th  a l l  o ther  par t l c les .  The ln te rac t lon  1s  fu l l y  de f lned by  a
s lng le  phenomeno log lca l  coup l lng  cons tan t  and 1s  1n  th ls  sense un lversa l .

To determlne the type of symmetry whose spontaneous vlolat lon causes the
degeneracy of vacuum and the coruespondlng propert les of the neutr lno as a Gold-
s tone par t1c1e,  1e t  us  cons lder  the  symmet ry  p roper t les  o f  the  equat lon  fo r  the
free neutr lno
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where f  1s a constant splnor that ant lcommutes wlth
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We retaln the
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character of the transformatlons
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Ttr ls equat lon ls lnvarlant both wlth respect
ch l ra l -  t rans format lons ,  and w l th  respec t  to  sh l f t s
respec t  to  t rans format lons  o f  the  type

u .
of  x . .  and U ln  the  t rans-

tr
Polncare group, &nd replace the transformatlons (2) by the
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xn . xf, = xn - # 
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The resuftant structure w1th.[en commutlng and four ant lcommutlng parameters
has  the  s t ruc tu re  o f  a  g roup ' /  and 1s  the  on ly  poss lb le  genera l l za t lon  o f  (2 )

( 3 )

t  )Ll"  groups wlth commutlng and ant lcommutlng parameters were recett ly
cons ldered by  Berez ln  and Kats  t2 l .
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without introducing addlt ional group parameters.

The const ant a 1n the transformatlons (  3) ls arbl trary and has the dimen-

sion of length ralsed to the fourth power. We postulate that the equat lons for

the neutr lno wtth al lowance for the lnteract lon are lnvarlant agalnst the trans-

io"rut io"s (  3) .  We assume atso that the terms of the lnteract lon contaln the

mlnlmum number, compatlble wlth the lnvarlanee requlrement,  of  f ie ld derlva-

t l v e s .

To construct the phenomenoJ-oglcal  act lon lntegral  under the foregolng as-

sumptlons, l t  suff lces to use the-fol lowlng dl f ferent lal  forms, whleh are 1n-

variant agalnst the transfonmatlons (3)
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Ttre act lon lntegral  invarlant agalnst t ransforrnat lons (3) and the trans-

formatlons of the Polncare group is glven by

S  =  - l  l ' ' o A < , t , A a t , A o t r ,  
( 5 )

where A d.enotes an external product.  The expresslon (5) corresponds to a cer-

taln four-dlmens1onal volume ln the group-paraneter spaCe.

I f  the 4-volumes are def lned by speclfy ing the funct lon 9 
= 0(x),  the

act lon lntegral  Ci l  can be wrl t ten in tne fol lowing more usual form:

s  =  ]  l l n l d a x ,  ( 6 )

where lwl is the determlnant of t t re m"atrrx w
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the act lon lntegnal as a

( 7 )

functlon of the ten-
I t  fo t lows f rom (6)  and (7 )  tha t
sor T takes the form

f l
S  =  I l :  *  T n r

L o

produc ts  o f  two,  th reer  and four  tensors  T  descr lbe
s lx ,  and e lgh t  i te tas ,  respeet lve ly ,  par t l c lpa te '
der ivat lves 1n the lnieract lon te 'rns are determlned

( 8 )
dr ,  ,

lnteract lons 1n which four,
The degrees of the f1eld
by the number of factors T.
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where the summaglon over p corr€sponds to a sum over al l  the peprnutat ions of

the  second lnd lces  1n  the  produc ts  o f  the  tensors  T '

The terrn wlth TUu coruesPonds to the klnet ic terms, and the terTns wlth

The neutr lno lnteract lon wlth other f le lds can be determlned ln a manner

tha t  l s  lnvar lan t  w l th  respec t  to  the  t rans format lons  (3 ) .

Tfrus, for example, the act lon lntegral  for a Dlrac part lc le ls glven bY
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where

( i  una,$ -  0,6461

and the  tensor  T  and the  de termlnant  lw l  a re  de f lned 1n  (z ) .

Weak lnteract ions can be lncluded 1n the scheme und.er considerat lon by
lntroducing gauge f iel-ds for the approxlmate unltary symmetry group of the neu-tr lno and other" leptons. The el-ectromagnetic lnteract lon for cnargea leptons
1s lntroduced slmultaneously.  The weak and electromagnetlc lnteract lons are
turned on simultaneously by the wel l -known mechanlsr of  spontaneous breaklng of
the unltary-group symmetry [3] .  In the zero- lepton-mass i i r r i ,  the unltary
symmetry 1s exact.  To obtaln the act lon lntegral  for the lept6ns ln the unL-
t a r y - s y m m e t r y  l l m i t , 1 t  s u f f l c e s  t o  r e g a r d  f n - ( 3 ) ,  ( 4 ) ,  a n d  i Z )  t h e  s p l n o rproduc ts  as  lnvar lan t  p roduc ts  o f  un l tany  nur t lp r6 ts .  i t  rs  i r io  poss ib le  to  add
to  fo rmulas  (3 ) ,  (41 ,  and (7 )  the  te r rns  fo r  lep tons  w l th  oppos l te  ch l ra l l t y .
The unltary groups for states wlth dl f ferent cn1ra11ty need- not necessarl ly
co lnc lde  1n  th ls  case.

.  The gauge f lelds can be lntroduced lnto the so-general lzed act lon lntegral
1n a manner eovarlant wlth respect to the transforrnat lons (3).

the gravl tat lonal lnteract lon can be lntroduced into the scheme ln analo-
gous fashlon, by lntroduclng gauge f lelds comesponding to the Polncare group.

We note that i f  we lntrod.uce also gauge f lelds eonrespondlng to the trans-
fo rmat lons  (3 ) ,  then,  as  a  consequence o f  t f re  Utggs  e f fec t  t4 l ,  t  mass lve  gauge
f leld wlth spin 3/2 arTses ,  and' . . the Goldstone pari ictes wft fr  ipfn I /2 vanlJn.-
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