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Abstract: S-wave non-leptonic decay amplitudes are obtained from a gauge-field 
model and the results are also interpreted from the point of view of mixing of 
particle fields. The model gives different effective enhancements for K- and hy- 
peron decays as required by experiment. 

The c u r r e n t - c u r r e n t  theory  of weak in te rac t ions  which works  so well  
when leptonic c u r r e n t s  a r e  involved gives ,  for  pure ly  hadronic  p r o c e s s e s ,  
an  in te rac t ion  Lagrang ian  

~NL= ~2 J~J#' (1) 

in terms of the Fermi constant G = 1.01 x 10 -5 mp 2 and the Cabibbo current 

= 0 + j 4 + i 5  j a  .a .a j p  jl+i2~ cos  P sin 0 ' /z = (3/z +35~) . (2) 

To account  for  the I a l I  = ½ ru le  one can e i ther  a s s u m e  dynamica l  octe t  
enhancement  or  the ex i s tence  of neut ra l  hadronic  c u r r e n t s .  In the l a t t e r  
( s imples t )  case  the s t r a n g e n e s s  changing pa r t  of the in te rac t ion  r e a d s  

G 2d6a ~ J ~ f l  c o s ~ s i n a .  (3) 
Z I ~s  I=1 - 4~  

The main  t rouble  with this  in te rac t ion  is  that  at f i r s t  s ight  it s e e m s  to lead 
to ampl i tudes  which a re  about a fac tor  sin 0 too smal l .  Such a r e su l t  is ob- 
ta ined [2] by f i r s t  applying v e c t o r - m e s o n  dominance and PCAC to the pa r i t y  
violat ing p a r t  of eq. (3) in o rde r  to get the couplings 

v, m2* c ( ~  a _ 1 K,O 
~ c  sin O cos 0 L-}~K* U - ~ ~ 0 ,o)  

m 2 C K ( P ~ a  K ' -  1 o h.c.] + ~ p  g ~ p  O#K O) + , (4) 
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and then  ca l cu l a t i ng  the a m p l i t u d e s  f r o m  d i a g r a m s  with i n t e r m e d i a t e  K* 
and p [2, 3] ~. 

In the p r e s e n t  w o r k  it wil l  be shown that  when the  full  L a g r a n g i a n  fo r  the 
c u r r e n t s  involved  is  t aken  into a c c oun t  one obta ins  a r e s u l t  m u c h  c l o s e r  to 
e x p e r i m e n t .  

The  h a d r o n i c  c u r r e n t s  s e e m  to  s a t i s fy  SU(2) ® SU(2) s y m m e t r y  v e r y  
wel l ,  the c h i r a l  i n v a r i a n c e  be ing  ( spontaneous ly)  b r o k e n  by the p r e s e n c e  of 
the a l m o s t  m a s s l e s s  p ion ac t ing  as  a N a m b u - G o l d s t o n e  boson .  The  m o s t  
e l egan t  p r e s e n t a t i o n  of  th i s  s t a te  of a f f a i r s  was  p r o v i d e d  by the g a u g e -  
f i e lds  of L e e ,  W e i n b e r g  and Zumino  [4]. T h e i r  o r ig ina l  mode l  con ta ined  on-  
ly the i s o v e c t o r  and i ts  axia l  p a r t n e r  but  the o the r  v e c t o r  c u r r e n t s  can  a l s o  
be  i n c o r p o r a t e d  without  any p r o b l e m  p r o v i d e d  s t r o n g  s y m m e t r y  b r e a k i n g  
and mix ing  a r e  p a r t  of the  k ine t i c  t e r m s  of the L a g r a n g i a n  [5, 6]. Since our  
m a i n  i n t e r e s t  h e r e  is  in the p a r i t y - v i o l a t i n g  d e c a y s  which  involve  c u r r e n t s  
t r a n s f o r m i n g  l ike K* and A1, we exp l ic i t ly  wr i t e  the p a r t  of the L a g r a n g i a n  
con ta in ing  jus t  such  (gauge) f i e lds  only:  

w h e r e  

2o 

~ _ ( a l p . . . a  3 v 4 7 _ 1/~ . A 3 V 4 7 
u ~ " ' v  ); ~ v  (A v" " Uv V . v ' " V u v ) '  (6) 

with 

I~v t~ v ~vvl~--2fofotfy 't p' v'+ 

A a 0 v ~ -  ~ x "~v f a y~ a '8 = a , ,  - , ,  ,,j+ + (7) /zv p v 

The  k ine t i c  and m a s s  m a t r i c e s  in eq. (5) a r e  g iven by 

2 _- m 2 (~_)2 d-2G s in  0 cos  0] (8) K f = 5af t +Ddaa f ; (Mo)afl [ 6 a f  t - 2d6a f 

w h e r e ,  a s  we po in ted  out a l r e a d y ,  s t r o n g  s y m m e t r y  b r e a k i n g  a r e  con ta ined  
in the m a t r i x  K. The  weak  i n t e r a c t i o n  a p p e a r s  in M2o with the f a c t o r  
(m2/fo)2 s ince  as  shown in re f .  [4] the had ron ic  c u r r e n t s  a r e  r e l a t e d  to the 
gauge  f ie lds  @p by 

.a  m 2 ~ a  (9) 
3 p  =-~n- ° p "  

Us ing  the canon ica l  r u l e s  f o r  the f ie lds  ~t~ one can d e r i v e  [6] fo r  the spin  
one and z e r o  s p e c t r a l  func t ions  of the c u r r e n t s  the sum r u l e s  

Of course the virtual/9 can only contribute to the off-shell K2r r amplitudes. 
The indices o~, /3, y ,  X run from 1 to 8. Except for eqs. (2), (29) and (30) (wher~ 
we explicitly differentiate between vector and axial vector  currents) a current J/2 
(as well as a gauge field qS~.) is a vector if ~ = 4 . . . . .  7 and an axial vector for 
ot = 1 . . . . .  3. j~ is not needed in the following. 
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/ p ( 1 )  = ( m  2. 2 , 

j (Mo% (10) 

f d "  2 n(1) m 2 2 va~ = (~o) (K-1)afl. (11) 

To p roceed  now we have to a s s u m e  s ing le -par t i c le  sa tura t ion  of the spec-  
t r a l  functions.  The ma t r ix  e l ements  contr ibut ing a re  

v~l (0 75.'(1-i2); j~-i5)l~+(q)) = q C ( 1 ;  v) , 

(0[j~p;j6 l~°)=qpC (1;v) , 

2 

__1  (0 . ( 1 - i 2 ) j ~ - i 5 ) l A l ( k ) )  = E~) mAl"'JAl~tl;av), 35. ; 

2 

(0 Ij35.; .6 o reAl 
3 ,[Al>= ~, ~-~IA1 (1;av) . 

2 
• e i n K *  "1" ~" 1 (01j (4-i5) ~(1-i2) lK.)  = 

~/~ , ' J 5 ,  ~ f ~ K  , ( ' ~ )  ' 

2 
1 ( 0 [ j 6  .3 t K . O + K . O ) =  inK. 35. ~ ¢  (1;t3). (12) 

Including the p - l ike  cur ren t .  
e l emen t s  of (10) and (11) lead to 

2 2 2 
mp inK. mA 1 [m'~2 

2C 2 
- 2 - 2 - 2 - -  = \ ~ - o ]  , 

fP  f g *  f 2 1  

while f rom the non-diagonal  e l emen t s  we get 

2 mp 
fl = -av 2 ' 

inK. 

which we did not wr i te  explici t ly,  the diagonal  

2 = 2m~. (13) reAl v 

(14) 

Actually the first equality in eq. (13). the famous KSRF relation (ref. [7]) is an 
input rather than a result from the sum rules. 



NON-LEPTONIC DECAYS 57'7 

2 

E (m v = ½ - a  2 
inK, 

_ ½ ) ] - 1  (~_~2 ~/2G s in0 c o s 0 .  (15) 

Now that we have all the couplings in eqs. (12) (in t e r m s  of the constant a) 
we can p roceed  to calculate  the decay amplitudes.  Bes ides  ~2gwe have to 
take into account t e r m s  coming f rom the mat te r  Lagrangian ([he B a re  the 
baryon fields) 

2 2 m :  fo fo#3~. ~13 B~v~. +~ . . . .  ( ~ ) 2  fo~fl~./~,7 Ba./~ + .... (16) 
Thus,  neglecting f ina l -s ta te  in teract ions ,  we have the effect ive weak cou- 
plings 

gB~BaTr ~ ~flu a = (BflzrY [ ~2g+ 22m lBa ) , (17) 

which immedia te ly  give the par i ty-vio la t ing  ampli tudes  

2 

I ½ mP )1-1 (k.~4 7) A(Byfi = -o~ ( - ~ - - - ½  (ma-mfl) 2fa/37d6~ " Clr~/2GsinOcosO, (18) 
raN, = 

defined by 

r(Ba_~ ~ ~ [qc.m.I 
B 7r ) s - w a v e -  2 8~'m oL 

[(m~.+mo) 2 p  -rn ]2 [A(B~)]2 (19) 

In order  to fix a we would need, bes ides  the s u m - r u l e s  some ex t ra  con- 
dition. A convenient one is that the mat r ix  e lement  of ~2g between ~r (or A1) 
and K* be zero.  By using eq. (12) these  mat r ix  e lements  can be reduced 
to 

2 b b .a  fl 
<lrb(Abl) 1 •gl K'a> - (Mo)afl (Tr (A1) IY •]0> (0l j  ~lK *a> 

~d6ablV+f3-v GsinOcosO( o) l(d6ab sin 0 m 2  

When eqs. (14) and (15) a re  replaced  into eq. (20) the square  b racke t s  van- 
ish if a = 1. Thus,  for  a equal (or c lose  to) unity we have effect ively e l im-  
inated f rom our model  all b i l inear  couplings. The equivalence between the 
above p rocedure  and diagonalization will be fur ther  substant ia ted short ly,  

In and following eq. (20) the indices a, a' = 4 . . . . .  7 and b,c = 1 . . . . .  3. In eq. (20) 
we only write explicitly the mass terms of .~g since the matrix element of the 
kinetic part between 7r and K* is, of course, zero and it is easy to show that it al- 
so vanishes between A 1 and K* as long as eq. (14) holds. 
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when we will t r ans la te  our r e su l t s  in m o r e  phenomenological  t e rm s .  In- 
s tead of computing ampli tudes with effect ive weak b i l inear  couplings as in 
pole models ,  s ince (the re levant  pa r t  of) the Lagrangian  is a s sumed  to be 
known, we p r e f e r  to diagonalize the b i l inear  couplings away and use the r e -  
sulting t r i l i nea r  couplings. 

Let  us t ry  next to in t e rp re t  our r e su l t s  in the m o re  conventional  lan- 
guage of par t i c le  f ields for  which we wri te  the Lagrangian 

, 2 . , , a , 2_½m21(A , :  cos~o+lr" .~ = _~mK. (~p  ) ,b sinq~)2 

1 2 ._ ,b  -Tr 'b cos~0) 2 - -~mAltAlp sinq~ 

+ 2d6a b 4--2G sin 0 cos 0 - -  

2 2 

inK* reAl ,b + Tr, b) K.,a + kinetic t e r m s  JK* Jhl (Alu 

+ ~" - -  jK ,  fa[3X~XV BfiK *'a~ + . . . .  (21) 

The meaning of the p r i m e s  is that,  for  instance,  K~' is mainly the physical  
K* field but due to the weak in terac t ions  it also cont' ains a smal l  amount of 
Ir and A 1. With 7r/~ defined by 

-11 b 7rb _rnA ~ l r  , (22) 

eqs.  (12) tel l  us that the weak in terac t ion  induces the t r ans fo rma t ion  

rnp b - 1 a lr b) 
K *a~  K *'a = K*a+2d6a b v inK*-- (aA ~z + r e a l  , (23) 

= (Alp+reAl  apTrb)+2d6ab mp 

while the angle q~ in eq. (21) is chosen in such a way that 

11 (A sin~0-rn A a 7r b cos~0) ~ ( A ' ;  s i n ~ - l r  'b cosq~) p ~z 

= (A sinq~- rn ~ lr c o s ~ )  . (25) 

Thus,  if we accept  that a and fl a re  r e l a t ed  as  in eq. (14) we can e i ther  
e l iminate  the K*Tr bi l inear  coupling f rom eq. (21) with 

~/2V sin 0 cos 0 (m/fo)2 
v = v' = ( 2 6 )  

2 2 1 - a ( m p / m K .  ) 2 t a n ¢  (l+tanq~) "1 ' 
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or  we can e l imina te  the K*A 1 coupling with 

4-2G sin 0 cos  0 ( r n / f o ) 2  

p = V " =  2 

2 1 +tan~p 
inK* 

Notice that  for  

579 

(27) 

2 
l l - a m K *  (28) 

t an (~o -¼7r ) -2  a 2 ' 
m 

P 

both K*~r and K*A 1 b i l inea r  t e r m s  can be s imul taneous ly  t r a n s f o r m e d  away 
and eqs. (26) and (27) coincide with eq. (15) obtained p rev ious ly .  

Accord ing  to eq. (28), a = 1 c o r r e s p o n d s  to ~o = ¼7r for  which A1/~ and Ir/~ 
(which sha re  the a x i a l - i s o v e c t o r  c u r r e n t  in equal p ropor t ions ) ,  acqui re ,  
once the weak in te rac t ion  is  swi tched on, an equal amount  of K* each.  In 
this  case  what we have done is equivalent  to taking Lagrang ian  (21) with 
~o = ¼ ~, ignore  the th i rd  t e r m  (which does  not take p a r t  in the mixing with 
K*) and s imply  get r id  of b i l i nea r  couplings by diagonal izat ion.  

Going back  to Lag rang i an  (5), ff we add the p - l i ke  cu r r en t  we get the 
equal t ies  

r - 2 p ( 1 ) . . a  .b, (0) a b 
f d ~ 2 u - 2 p ( 1 ) ( j a , j b ) = f d u 2 [ ~  t3 ,35)+P (J ,J5 )] . . . . .  2 d 6 a b A  , (29) 

f ,  2p(1), .a .b, b b au , j j = f d # 2 p ( 1 ) ( j  a, j5  ) = f du2p(1)(jg, is) = 2d6a  b B . (30) 

These  sum ru l e s  (which can a lso  be jus t i f ied f r o m  an a s y m p t o t i c - s y m m e -  
t r i e s  point of view) could, a l t e rna t ive ly  be taken as  a s t a r t i ng  point for  the 
ca lcu la t ion  of the decay ampl i tudes  s ince A and B can be obtained in the 
following way: f r o m  the sum r u l e s  and jus t  a s suming  a b a r y o n - c u r r e n t  in- 
t e r ac t i on  (like eq. (16)) one gets  the weak v e r t i c e s  A ~ p p -  and n ~ p K * -  as  
a function of A and B. But these  v e r t i c e s  a lso  follow f r o m  d i a g r a m s  with 
v i r tua l  K* and p and a p -K* coupling taken d i rec t ly  f r o m  v e c t o r - m e s o n  
dominance  of the c u r r e n t s  in eq. (3). In this  way one obtains (the s a m e  as 
f r o m  Lag rang i an  (5)) 

2d6ab  = ( o)ab' . : o .  (31) 

Having jus t i f ied (we hope) our model  we go on to ca lcula te  the K s decay.  
Again neglect ing f i n a l - s t a t e  in te rac t ions  we have the couplings 

$ The AIK* hilinear coupling in the kinetic term is also eliminated if we use eq, (14) 
and assume that under the weak inte raction ( ~u A 1 v - avA 11,1.) = [~ ~ (.4 l v  + ~ v~ 

_ _ ~  f ! v t 
- ~m(Ail/+Ir~)] [al/(Alp+~v) - am(All/+~#) ~ 
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gKaybyc = < bTrCtZglKa > = ( fo ~ 2 2 X \m 2/ ~o)).7 @b lJ p IK% <C IJ l o> 
2 

= ~ <b(q) "a'-~-2G sin0 cosO(2d6a,b,)j~'lJ ]O)(~C(k)]jap'IKa(p)> 
a' ,b ' m K ,  

1 b + C-~ qp (~c(k) IJ5~ IKa(p)>" (32) 

We do not know how to calculate the las t  t e rm but ff we assume it can be 
neglected then 

gKa~b~c = ~a' 2faa'c d6a'b v-  "/'2G sin 0 cos 0 C~r (m K-  m )  , (33) 

which leads to the decay amplitude 

A(K1-* ~ + ~ - ) = I  1 ] • 2 ,  2 1 , -  1 ( m K o - m ) C  4-2G s i n 0 c o s 0 ,  (34) 
½ - a tmp/mK,  - -~) 

defined by 

2 
Iqc.m. t (1 m .  .~ 12 + --~) ]A(K I 7r+Tr -) 

8~ 
rCK 1 -~ =+n') - - -  (35) 

m K 

Comparing eqs. (18) and (34) we see that the effective couplings responsible  
for hyperon and K-decay are  in the ra t io  (between square brackets)  

2 2 

I l + a ( m p ) ] - 1 2  " ' m K * 1 o 3 6 2  = . (36) 
inK, a --* 1 mp 

If the las t  t e r m  in eq. (32) which can be writ ten in t e r m s  of form fac tors  as  

1 
-2d6a, cfbaa , -C~Tr (p g -  kl)[(p +kl)G+(-rn2r)+et.L- kp)G.(-m2) ] (37) 

is indeed negligible $ compared to the res t ,  then we have found the explana- 
tion of another mys te ry :  K 1 non-leptonic decays require  an effective cou- 
pling ~ 30% lower than hyperon decays ~ .  

In a recent  paper Nishi j ima and Sato [8] also obtain an enhancement fac- 
tor (~ 40% higher than ours) f rom a chiral  phenomenological Lagrangian.  
Since these authors  do not consider the part  of the Lagrangian containing 
baryons it would seem that their  final resul t  does not take into account all 

$ Both form factors cannot vanish since, for instance current algebra in the soft-K 
limit gives G.(-m 2) -G+(-mTr ) = v Clr /CK. 
See for instance ref. [2]. 
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Table 1 
Parity-violating non-leptonic amplitudes in units of 10 -7. 

581 

Cabibbo cur.  - cur. Tomozawa, 

Amplitude Experiment (eq. (3)) q = 1 

= 1 q = 1.48 octet nonet 

[A(A_)] 3.30 ~ 0.04 1.98 3.41 3.41 2.78 

IA(~Z) I 4.07 * 0.07 2.34 4.04 4.04 3.30 

[A(~+) I 0.044 ~- 0.087 0 0 0 0 

[A(~+)I 3.33 :e 0.03 1.62 2.79 2.79 2.28 
2.50 * 0.04 

IA(~-) [ 4.50 ~- 0.07 2.29 3.95 3.95 3.22 

[A(~" °) [ 3.33 ~- 0.11 1.57 2.72 2.72 2.22 

[A(K s --* ~'+~-) [ 6.21 3.38 6.72 5.86 4.78 

p o s s i b l e  con t r ibu t ions .  But  while  the a u t h o r s  of ref .  [8] c l a i m  the i r  mode l  
g ives  oc te t  e n h a n c e m e n t  (over  the 27-ple t )  wi thout  a s s u m i n g  it  a s  input,  we 
have  to  put  oc te t  d o m i n a n c e  by hand (by adding the n e u t r a l  c u r r e n t s ) .  An-  
o t h e r  d i s t ingu i sh ing  f e a t u r e  be tween  the mode l  of re f .  [8] and o u r s  is tha t  
we get  a d i f f e ren t  e n h a n c e m e n t  f o r  h y p e r o n  and K l d e c a y s .  

We have l i s t ed  our  r e s u l t s  in table  1. The  f i r s t  two co lumns  a f t e r  the 
e x p e r i m e n t a l  v a l u e s $  conta in  the a m p l i t u d e s  (in uni t s  of l0 -7)  which  fo l -  
low f r o m  the h a d r o n i c  c u r r e n t - c u r r e n t  i n t e r a c t i o n  (3) with a = 0.235 
(± 0.006) [9]. We have  a l so  ca l cu l a t ed  the ampl i t udes  by u s ing  the  non - l ep ton i c  
i n t e r a c t i o n  f r o m  oc te t  and nonet  i n t e r m e d i a t e  W - m e s o n  m o d e l s  r e c e n t l y  
p r o p o s e d  by T o m o z a w a  [10]. In t h e s e  m o d e l s  the h a d r o n i e  weak  i n t e r a c t i o n  
c o m e s  out as  in eq. (3) (up to a phase)  but mul t ip l i ed  by r ~  and ~ r e s p e c -  
t ive ly .  

Fo l lowing  t r a d i t i o n  we have l i s t ed  in table  1 m o s t  of the h y p e r o n  a m p l i -  
t udes  even  though the fi t  to  the i r  r a t i o s  is m o r e  g e n e r a l  than our  mode l .  
The  s a m e  h y p e r o n  ampl i tude  r a t i o s  w e r e  obta ined,  f o r  i n s t ance ,  in the in- 
t e r m e d i a t e  K* mode l  of re f .  [2]. 

The  l a r g e s t  d i s c r e p a n c i e s  be tween  t h e o r e t i c a l  and e x p e r i m e n t a l  h y p e r o n  
amp l i t udes  a r e  in the ~ decays .  On the o ther  hand a c o m p a r i s o n  be tween  
A(~Z) and A(~  °) shows  a s i zab l e  A/=½ v io la t ing  ef fec t  at  work .  One migh t  

$ We have taken the experimental hyperon amplitudes from ref. [9] and changed the 
normalization as to make them non-dimensional. The exl~rimental A (K s --~ 7r+~ -) 
corresponds to F(K s --~ ~+Tr-) = (0.797 ± 0.009). 1010 sec -1 listed in the Part icle 
Property Tables, Jan. 1970. 
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then  be hopeful  that  if t h i s  effect  (which is  ou ts ide  the scope  of the p r e s e n t  
paper )  we re  taken  into accoun t  s o m e  i m p r o v e m e n t  ( spec i a l l y  in  A(-'-°)) 
would r e s u l t .  

The  s u m  r u l e s  (10) and  (11), f r o m  which the a m p n t u d e  (18) was  d e r i v e d ,  
can  be m o r e  g e n e r a l  than  our  gauge f i e lds  mode l  whi le  our  c o n c l u s i o n  f r o m  
eq. (20) tha t  a = 1 migh t  not be  on as  f i r m  g rounds .  Tha t  is  why we a l s o  
give the a m p l i t u d e s  for  a d i f f e r en t  va lue  of a (= 1.48). N e v e r t h e l e s s ,  s i nc e  
we do have a r g u m e n t s  in favor  of a = 1 we fee l  j u s t i f i e d  in conc lud ing  that  
our  mode l  with T o m o z a w a ' s  c u r r e n t - c u r r e n t  i n t e r a c t i o n  ( f rom his  W - o c t e t  
model)  p r o v i d e s  a good d e s c r i p t i o n  of s - w a v e  n o n - l e p t o n i c  decays  $. 

It i s  a p l e a s u r e  to thank  P r o f e s s o r  Y. T o m o z a w a  for  m a n y  e n l i g h t e n i n g  
d i s c u s s i o n s .  

$ The enhancement of the non-leptonic amplitudes is also being considered, from a 
different point of view, by Tomozawa [11]. 
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