


1. Introduction 

During the last decade different collaborations [I-61 have 

carried out programmes aimed at measuring the parameters of the 

axial-vector al meson (I'J"= 1-1"). TWO groups of processes 

essentially differing in their physical nature were studied. These 

are the hadronic reactions n-N+3nN [1,2] and the semileptonic 

decays r+3nuT [3-61. Despite the good statistics, the data on the 

mass and width of the a, meson obtained from these processes 

greatly differ (see table 1). Possible reasons for this 

discrepancy are discussed in the literature [7-101. 

The reaction r+3nuT is more preferable from the point of view 

of the extraction of the al meson parameters. In this case there 

is no kinematic coherent background, and the transition caused by 

the weak axial-vector hadronic current can be described by a 

resonant formula of the Breit-Wigner type. It contains all 

information on the interaction of decay products and has a pole 

corresponding to the al meson contribution. 

It is clear that the extracted characteristics of this wide 

resonance depend on the analytic form of the function used in the 

analysis of the experimental data. Now the modifications of the 

Breit-Wigner formula, which are reduced to natural attempts to 

take into account the dependence of the a, resonance width on the 

effective mass of the three-pion system, are discussed [ 7 - 9 1 .  They 

allow the agreement of al meson mass values obtained from hadron 

and lepton processes. Yet, the a, meson width extracted from 

lepton processes is much larger. 



I n  t h i s  s i t u a t i o n  we b e l i e v e  it t o  be  i m p o r t a n t  t o  u s e  modern 

t h e o r e t i c a l  models f o r  c o n s t r u c t i o n  o f  f u n c t i o n s  of t h e  B r e i t -  

Wigner t y p e .  Unl ike  e a r l i e r  approaches  [ 1 1 , 1 2 ] ,  t h e y  a l l o w  more 

profound i n f o r m a t i o n  on t h e  s t r u c t u r e  of meson v e r t i c e s  and on 

i n t e r a c t i o n  of t h e  decay  p r o d u c t s .  An a t t e m p t  of t h i s  k i n d  a r e  

p a p e r s  [9,13-151. 

To perform t h e  n e c e s s a r y  c a l c u l a t i o s  i n  t h i s  p a p e r ,  we u s e  

t h e  qua rk  model o f  s u p e r c o n d u c t i v i t y  t y p e  (QMST) [ 1 6 ] .  The 

Lagrangian o f  t h e  model is a  g e n e r a l i s a t i o n  o f  t h e  well-known 

Lagrangian proposed by Nambu and  Jona -Las in io  [ 1 7 ] .  R e c e n t l y ,  many 

p a p e r s  have appea red ,  where its r e l a t i o n  w i t h  QCD is d i s c u s s e d  

[ l a ]  and p o s s i b l e  models of low ene rgy  meson p h y s i c s  based  on it . 

a r e  c o n s i d e r e d  [ 1 6 , 1 9 , 2 0 ] .  The QMST i s  one of them. 

Unl ike  t h e  e a r l i e r  approaches ,  o u r s  a r e  c o n c e n t r a t e d  on t h e  

s t u d y  o f  t h e  a  +np meson v e r t e x  s t r u c t u r e  based  on i t s  c o n n e c t i o n  

w i t h  a  number of r e l a t e d  p r o c e s s e s ,  e . g . t h e  r a d i a t i v e  decays  a l+nr  

and n+evr . T h i s  u n i v e r s a l  approach a l l o w s  more profound 

i n f o r m a t i o n  on t h e  s t r u c t u r e  o f  t h i s  v e r t e x .  So we f o l l o w  t h e  

p r i n c i p l e  o f  t h e  minimal changes  i n  t h e  s t a n d a r d  fo rmulae  used f o r  

t h e  a n a l y s i s  of t h e  e x p e r i m e n t a l  d a t a  i n  [3-61. 

2 .  A x i a l - v e c t o r  c u r r e n t  . J P ( a l + 3 n )  i n  QMST 

The m a t r i x  e lement  of t h e  r-+3nvT decay  is  of t h e  form 

The c o n s t a n t  gp d e s c r i b e s  t h e  p+nn decay  and  is  e q u a l  t o  

g;/4n=a ~ 3 ,  GF is t h e  Penni  c o n s t a n t ,  s is  t h e  Cabibbo a n g l e ,  
P  

Fn=93 MeV, q , ,% a r e  t h e  momenta of t h e  n  mesons c a r r y i n g  t h e  same 

c h a r g e ,  q3 is t h e  momentum of  t h e  t h i r d  p i o n .  

The weak hadron ic  c u r r e n t  &(ql,q21q3) is s imply  r e l a t e d  t o  

t h e  al+rrna c u r r e n t  ? (q l ,%)q3)  a s  

mi g'" -Q'Q" 

Y(s l ,%1q3)  = ~ " ( q ~ ' q ~ 1 q ~ ) .  
m2 - Q~ 

a l  

The decay  wid th  i s  c a l c u l a t e d  by t h e  formula  [21] 

where s=Q2 t a k e s  t h e  v a l u e s  i n  i n t e r v a l  05ssm:. The t r a n s v e r s e  

p ( s )  and l o n g i t u d i n a l  p l ( s )  s p e c t r a l  d e n s i t i e s  a r e  de te rmined  t 
from t h e  fo rmulae  

When d e t e r m i n i n g  t h e  s p e c t r a l  d e n s i t y  f u n c t i o n ,  we s h a l l  u se  

t h e  h a d r o n i c  c u r r e n t  J' which,  a c c o r d i n g  t o  ( 2 ) ,  a l l o w s  

c a l c u l a t i o n  of t h e  s c a l a r  p r o d u c t s  

(ai) = ( W ) ,  

I t  i s  s e e n  t h a t  t h e  s p e c t r a l  d e n s i t y  p t ( s )  has  a  t y p i c a l  B r e i t -  

Wigner form 

where 

I I 3 ( ~ ; F ~ Z ) ' , ( J Q ) ; ~ I +  
ra U n ( ~ ) = ( ~ n ) 4  a 4 ( Q  -1 i = i  qi) - JJ+] 
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is  t h e  decay width  of t h e  r e s o n a n t  a l  s t a t e  f o r  t h e  c a s e  when t h e  

a x i a l  meson is  o f f  t h e  mass s h e l l  (s=Q').  

The main c o n t r i b u t i o n  t o  t h e  hadron ic  c u r r e n t  J' w i l l  come 

from t h e  decay channel  al+np+3n. I n  t h i s  ap rox imat ion  we have 

Here Q=q1tq2+q3 ,  q13=qltq3, qZ3=%tq3, r = I 5 3  MeV is t h e  p meson 
P 

wid th .  The c o n s t a n t  Z r e s u l t s  from t a k i n g  i n t o  account  t h e  

t r a n s i t i o n s  and i s  e q u a l  t o  z=(l-6m2/m: [ 2 2 ] ,  where m is t h e  
1 

mass of t h e  c o n s t i t u e n t  u  qua rk .  We s h a l l  u se  a n o t h e r  e x p r e s s i o n  

f o r  i t  a s  w e l l .  I t  can be ob ta ined  from t h e  p r e v i o u s  formula  i f  

one uses  t h e  r e l a t i o n s  ~ ' " g  =&g and g=m/Fn [23] .  
P 

I n  formula ( 7 )  t h e  e x p r e s s i o n  i n  b r a c e s  co r responds  t o  t h e  

'a  np  v e r t e x .  Let  us  c o n s i d e r  i t  more thorough ly .  There  a r e  t h r e e  

diagrams which c o n t r i b u t e  t o  t h e  ampl i tude  of t h i s  p r o c e s s  ( s e e  

f i g  1 ) .  They l e a d  t o  t h e  fo l lowing  e x p r e s s i o n  

Here k , q  a r e  t h e  momenta of t h e  pion and t h e  p  meson, Q=ktq,  c P ( Q )  

and ~ , , ( q )  a r e  t h e  p o l a r i s a t i o n  v e c t o r s  of t h e  a, and p  mesons. 

S ince  m z  n m 2 2 m a  we c o n s i d e r  t h a t  k 2 = < = 0  We keep t h e  terms 

p r o p o r t i o n a l  t o  #, which a r e  n e c e s s a r y  f o r  c o n s i d e r a t i o n  of t h e  

p r o c e s s e s  w i t h  t h e  v i r t u a l  a l  meson, though i n  t h i s  case  t h e i r  

c o n t r i b u t i o n  is  e q u a l  t o  z e r o .  

The f i r s t  ampl i tude terms i n  formula  ( 9 )  correspond t o  t h e  

v e r t i c e s  of phenomenological c h i r a l  Lagrangian [ 2 4 ]  and a r e  

ob ta ined  from diagrams l a ,  l c  and l b  r e s p e c t i v e l y .  The l a s t  term 

( i n  t h e  second p a i r  of b r a c k e t s )  appea r s  a s  a  r e s u l t  of t h e  q2 

expansion of t h e  t r i a n g l e  quark diagram i n  f i g  l a  (where we 

c o n f i n e  o u r s e l v e s  t o  t h e  terms t o  powers below two i n  p a r t i c l e  

momenta). Th i s  term is  n o t  t h e  d i r e c t  consequence of  t h e  use  of 

t h e  s t a n d a r d  phenomenological c h i r a l  Lagrangian.  Yet ,  i t  p l a y s  an 

important  r o l e  i n  d e s c r i p t i o n  of many p h y s i c a l  p r o c e s s e s  and l e a d s  

t o  r easonab le  numerical  e s t i m a t i o n s ,  which i n d i r e c t l y  conf i rms t h e  

c o r r e c t n e s s  of t h e  form o b t a i n e d  f o r  i t .  Le t  us i n d i c a t e  some of 

t h e s e  r e s u l t s .  

z b c 

F i g  1. Diagrams, d e s c r i b i n g  t h e  al+np v e r t e x .  The a , +  an 

t r a n s i t i o n s  a r e  taken i n t o  a c c o u n t .  

Uslng t h e  Lagrangian 

one can e a s i l y  o b t a i n  t h e  r a d i a t i v e  a l m s  decay ampli tude from t h e  

a  +npO ampl i tude ;  i t  must meet t h e  requirement  of t h e  g r a d i e n t  

i n v a r i a n c e .  The mechanism t h a t  e n s u r e s  t h e  f u l f i l m e n t  of t h i s  



requirement consists in compensation for the thus undesired first 

term of formula (9) by the corresponding term resulted from the 

diagram of fig lb (the third term of formula (9), where Q2=m2 ) .  
a 1 

The remaining quantity is proportional to q2/m: and disappears on 
1 

the photon mass shell q2=0. Thus, if we want amplitude (9) to lead 

to description of the radiative decay of al as well, we must take 

into account the final terms of the diagrams considered. In this 

case the decay width ra +u7=410 KeV (ma =I260 MeV), which agrees 
1 1 

with the experimental data reXP =640?246 KeV [25]. It is 
al*7 

completely determined by the factor at the last term in (9). 

Fig 2. The widths of the al+np (dotted line) and al+ma (solid 

line) decays as the function of al meson mass. r(al+mm) is 

Noteworthy is that the term considered is necessary in the 

self-consistent phenomenological description of the processes 
- 

al+na, al+np, n+eua and in this sense it is independent of any 

model approach resulting only from the general considerations of 

gradient invariance [26]. 

At last, in the description of the n+egr decay [27] by means 

of the last term of amplitude (9) one can obtain the axial 

form factor value satisfying both the experimental data and the 

results of other theoretical models (e.g,algebra of currents). 

The hadronic current (7) allows one to calculate the wi&h of 

the al meson decay T(a1+3n) as a function of its mass. The curve 

of this function is shown in fig 2. It qualitatively differs from 

the known result of ref [15] where T(a1+3n) increases with ma*). 
1 

The discrepancy is due to the fact that in this case the curve 

shape is greatly affected by the final terms of the quark triangle 

diagram corresponding to the alnp vertex. Note that the similar 

dependence was also obtained by the authors of ref [9] who took 

into account the form factors of meson vertices. 

Axial-vector current (7) in the low-energy limit, i. e. in the 

approximation limited to the first terms of the expansion in 

particle momenta (the soft pion case), has the form 

* )  In our case it reaches its maximum at point ma =2g F =I140 MeV 
1 p n  

where, as shown in [23], the low-energy Weinberg 

KSFR relations (m2=2g2~' ) are valid. 
P p n  

calculated for the two cases: mn=O and m,,LO 



O b v i o u s l y ,  i t  i s  n o t  c o n s e r v e d .  The r e s u l t  a g r e e i n g  w i t h  t h e  

r e q u i r e m e n t s  o f  low-energy  t h e o r e m s  w i l l  b e  o b t a i n e d  i f  we 

c o n s i d e r  t h e  c o n t r i b u t i o n s  o f  a l l  t h e  d i a g r a m s  i n  f i g  3 t a k e n  

t o g e t h e r .  T h i s  p r o b l e m  was t h o r o u g h l y  s t u d i e d  i n  o u r  s e p a r a t e  

p a p e r  [ 2 3 ] .  F o r  i n s t a n c e ,  it was shown t h e r e  t h a t  i n  t h e  

low-energy  l i m i t  t h e  f u l l  h a d r o n i c  c u r r e n t  a g r e e s  w i t h  t h e  o n e  

o b t a i n e d  i n  [ 1 3 ] .  I t  i s  s i g n i f i c a n t  t h a t  t h i s  d i r e c t l y  r e s u l t s  

f r o m  i n c l u s i o n  o f  zl+3z t r a n s i t i o n  e f f e c t s .  Below, t o  a v o i d  

c o m p l i c a t i o n s ,  we s h a l l  n o t  t a k e  i n t o  a c c o u n t  e i t h e r  t h e  d i a g r a m  

w i t h  t h e  E meson o r  t h e  v e r t i c e s  c o r r e s p o n d i n g  t o  t h e  f o u r - p i o n  

d i a g r a m s .  The  e s t i m a t i o n s  show t h a t  i n  t h i s  c a s e  t h e  t o t a l  e r r o r  

w i l l  b e  o f  t h e  o r d e r  of  10% o f  t h e  main  c o n t r i b u t i o n .  

P i g  3. Feynman d i a g r a m s  f o r  t h e  d e c a y  r33nu . The b o l d - f a c e d  

p o i n t  i n d i c a t e s  t h a t  t h e  a  +3n t r a n s i t i o n s  a r e  t a k e n  i n t o  a c c o u n t  

i n  t h e  c o r r e s p o n d i n g  v e r t i c e s .  

3 .  R e s u l t s  o f  f i t s  t o  e x p e r i m e n t  

Now l e t  u s  d e t e r m i n e  t h e  mass  a n d  w i d t h  o f  t h e  a ,  meson .  W e  

s h a l l  u s e  t h e  DELCO [ 3 ] ,  MARK I1 [ 4 ]  a n d  ARGUS [ 5 ]  d a t a .  The b a s i c  

f o r m u l a e  a r e  g i v e n  i n  ( 3 ) - ( 6 ) . 1 t  s h o u l d  b e  m e n t i o n e d  t h a t  we i n n o r e d  

t h e  p i o n  m a s s ,  when o b t a i n i n g  J i n  ( 7 ) .  Y e t ,  c a l c u l a t i n g  t h e  
P 

p h a s e  volume, o n e  mus t  t a k e  i n t o  a c c o u n t  t h e  p i o n  m a s s .  I t  c a n  be. 

s e e n ,  f o r  e x a m p l e ,  f rom f i g  2 .  To b e t t e r  u n d e r s t a n d  how 

n o n - l o c a l i t y  o f  t h e  a l n p  meson v e r t e x  a f f e c t s  t h e  f i n a l  r e s u l t ,  we 

s h a l l  make two p r e l i m i n a r y  e s t i m a t i o n s .  F i r s t ,  we f i t  t h e  d a t a  

[3-51  u s i n g  t h e  c u r r e n t  f r o m  ( 7 )  i n  t h e  low-energy  l i m i t ,  i . e . w h e n  

t h e  alnp v e r t e x  h a s  t h e  s i m p l e s t  l o c a l  s t r u c t u r e :  

As was  t o  b e  e x p e c t e d ,  t h e  r e s u l t  l o o k s  l i k e  t h e  o n e  o b t a i n e d  i n  

[3-51 ( s e e  t a b l e s  1 a n d  2 ) .  

I f  t h e  i n t e r n a l  s t r u c t u r e  of  t h e  main  meson v e r t e x  alnp i s  

t a k e n  i n t o  a c c o u n t ,  i . e . f o r m u l a  ( 7 )  is u s e d  f o r  f i t t i n g  t h e  d a t a ,  

we s h a l l  g e t  t h e  a  meson mass  v a l u e  t h a t  a g r e e s  w i t h  t h e  d a t a  o f  

t h e  h a d r o n l c  e x p e r i m e n t s .  But  i t s  w i d t h  t u r n s  o u t  t o  b e  l a r g e  

enough a n d  l i e s  i n  t h e  i n t e r v a l  400-550 MeV (see t h e  s e c o n d  l i n e s  

of  t a b l e  2 ) .  

To compare  o u r  r e s u l t s  w i t h  t h e  e x p e r i m e n t a l  d a t a ,  o n e  must  

c o n v o l u t e  t h e  t h e o r e t i c a l  f o r m u l a e  w i t h  t h e  d e t e c t o r  r e s o l u t i o n  

f u n c t i o n  [ 9 ] .  
r m  

I m' t h c o r  

/ d s  = dm' ex{- lp  - "12} "'T+V37I, dr:t:T3n z p ~ 7 ~  ds,  ( 1 3 )  
r/2< o (m' ) 

w h e r e  m =&, m'=v'c,  u(m')=AtBm3 a n d  A, B a r e  t h e  c o n s t a n t s .  At  

t h i s  s t a g e  t h e  e x t r a c t e d  v a l u e  o f  t h e  a ,  meson w i d t h  d e c r e a s e s .  
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