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06 аксиальной структурной константе в радиационном 
распаде заряженного пиона 

Правило сумм для аксиальной структурной константы в радиационном 
распаде заряженного пиона, вытекающее из алгебры токов и РСАС, 
вычисляется в рамках кварк-партонного подхода и модели векторной 
доминантности. Полученное значение близко к нулю и находите; 
в согласии с недавними экспериментальными данными. 
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On the Axial-Vector Structure Constant in the 
Radiative Decay of the Charged Pion 

Within the framework of the quark-parton approach and VMD, 
the sum rule for the axial-vector s tructure cons tan t^ following _ 
from the current algebra and PCAC, is calculated. The value 
c lose to z e r o is fourd in agreement with the recent experimental 
data. 
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The angular and energy distribution of photons 
emitted in the decay n-»tvy was measured in two 
e x p e r i m e n t s / 1 , 2 / . based on the statistics of 143 
events '"I' and 170±15 e v e n t s ' 2 ' , to give the ratio 

у 
exp b 

a 0,4 or -2,18 ± .10 ( l a ) 

0,15+0,11 or -2,07+0,11 . (lb) 

where a (b) is the axial (vector) form factor in the 
"structure-dependent" matrix element 

М^я^>,у)-С д е 1 у [ /" р а к РстЬ(1)-1(к'У-вД"(к.р))а(1)1 , ( 2 ) 

k(p ) is 4-momentum of photon (pion), t=*(k-p) 2, 
e,, is the photon polarization vec tor ,and f is 

the leptonic current operator. According to the 
CVC-hypothesis b(0) may be related to the ir°-*2y 
decay c o n s t a n t / 3 ' • There is a large number of 
the theoretical papers devoted to evaluation of a(t) 
(the references and d i scuss ion of the earlier 
results can be found in the reviews / 4 , 5 / and a l s o 
in some recent articles /6,7/ ) t it seems, that a n 
indication of small value of у suggested by ref. / z / 

may present difficulty for many models (see, 
e.g., r e f s , / 7 / ) . In the present paper the resul ts 
a re presented of calculation of a(0)through the 
current a lgebra sum rule of Das et a l . / 8 / 

3 



where F =93 MeV is the pion decay constant, 
<ra>n. is the pion e.m. radius, and p, v ( A> (Q2) is the 
spectral density of the two-point vector (axial-vector) 
current correlation function (our notations and the 
normalization convention are similar to ref. ' 6 ' ). 

The results obtained in the framework of the 
quark-parton approach and VMD are as follows. 

1. In the one-loop quark diagram approximation 
for<r2>and the integral in Eq. (3) we have for the 
three-colored quark model: 

'""Ь <4) 

and, further 
a(0)-0 (6) 

which agrees with Eq. (lb). 
The value of-'.rs> in Eq. (f">) is in very good 

agreement with tho experiment on a direct deter
mination of the pion radius via Hie ггв -scattering: 
<r2 >«xp „ о.ЗЗ^О.Об fnf'Vrhe numerical value of 
Eq. (4) is surprisingly close to that given by the 
pole saturation of the spectral integral p V - A with 
the p-and Aj-meson contributions _ 

P v - A (VMD) / p " A (Quark 1 oop) - 4 n2 (в ~2 - g T 2) = _a - 2 P A 
(7) 

• 0,99 ± 0,07 . 
IT P 

where the 1st and 2nd Weinberg sum rules are 
used together with the mass relation mA = v~2*mp 
and the experimental value R2 /1.7 «2.3H+0.18 1 0 - ' 

P — 
A. In the generalized vector meson dominance 

model tho hiahor vector tin-sons wilh ;J p=l-and 1-1 
,»ill contribute l<> ,1 V A : 

4 



p I 2

A ( G V M D ) - n ! o ( < - < ) s ( g p 2 - g ? ( 1 i A n >• (fl) 
T o es t ima te t h e c o r r e c t i o n te rm in Eq . (в) we a s 
s u m e 

Am"1 Ч Дга̂  Ч 
n О 

const /q s , f » 
p J - A ( q a ) - . ( Ю ) 

cons t /q 4 (11) 

w h e r e Eq . ( lo ) c o r r e s p o n d s to t h e a sympto t i ca l 
b e h a v i o u r of P V ~ A - p ^ ( q 2 ) _ p A(qS ) g iven b y t h e 
q u a r k - l o o p d i a g r a m with the finite q u a r k m a s s e s , 
while E q , ( l l ) r e p r e s e n t s t h e b e h a v i o u r of t h e 
s p o n t a n e o u s l y b r o k e n ch i r a l s y m m e t r y model, g e n e 
ra t ing the q2 - d e p e n d e n t ef fec t ive m a s s of q u a r k s ' 1 1 

(for s implici ty , we omit the l o g ' s t e rms) . T h e i n t e g 
ra t ion in E q . (<_)) is c a r r i e d out in the i n t e r v a l s of 
m» < q 2 - m i with the m a s s r e l a t i o n s for m?r (A n ) 

v n — — A n . , p о ,j о v n n 
of the form Щ -т~Д1+2п )and Шд «m^ +nip - ra | ( I m ), 
which a r e c h a r a c t e r i s t i c of t h e d u a l - r e s o n a n c e m o 
d e l s . A s a r e s u l t we h a v e 

0,38 ( 1 2 ) Л - I Л г n«i l 

0,03 (13) 

w h e r e E q s . ( l 2 ) a n d ( l3) c o r r e s p o n d to (lO) a n d 
( l l ) , r e s p e c t i v e l y . T h u s , the v a l u e s of p v J A o b 
ta ined in t h e c a s e of the r a p i d o n s e t of the a s y m p 
totic, c h i r a l - s y m m e t r i c a l r e g i m e for p^(A)(q2 ), 
p rov ide the v a l u e of a(0) = 0 w h i c h a g r e e s f a v o u r a b l y 
with the l e a s t of so lu t ions ( l b ) . Note , tha t t h e s m a l l 
v a l u e of a(0) l e a d s to the c o r r e s p o n d i n g s m a l l n e s s 
of the p ion e l e c t r o m a g n e t i c po la r izab i l i ty , for t h e s e 
quan t i t i e s a r e s h o w n in r e f . / 4 / to b e p r o p o r t i o n a l 
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to each other in the soft-pion limit. We s t r e s s 
in conclusion that due to the large compensation 
of two terms in eq. (з) а(0) i s v e r y sensi t ive even 
to small variations of each term, s o that better 
experimental accuracy for <гй> and y-a/b would be 

highly desi rable . 
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where F =93 MeV is the pion decay constant, 
<ra>n. is the pion e.m. radius, and p, v ( A> (Q2) is the 
spectral density of the two-point vector (axial-vector) 
current correlation function (our notations and the 
normalization convention are similar to ref. ' 6 ' ). 

The results obtained in the framework of the 
quark-parton approach and VMD are as follows. 

1. In the one-loop quark diagram approximation 
for<r2>and the integral in Eq. (3) we have for the 
three-colored quark model: 

'""Ь <4) 

and, further 
a(0)-0 (6) 

which agrees with Eq. (lb). 
The value of-'.rs> in Eq. (f">) is in very good 

agreement with tho experiment on a direct deter
mination of the pion radius via Hie ггв -scattering: 
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Am"1 Ч Дга̂  Ч 
n О 
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p J - A ( q a ) - . ( Ю ) 
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s p o n t a n e o u s l y b r o k e n ch i r a l s y m m e t r y model, g e n e 
ra t ing the q2 - d e p e n d e n t ef fec t ive m a s s of q u a r k s ' 1 1 

(for s implici ty , we omit the l o g ' s t e rms) . T h e i n t e g 
ra t ion in E q . (<_)) is c a r r i e d out in the i n t e r v a l s of 
m» < q 2 - m i with the m a s s r e l a t i o n s for m?r (A n ) 

v n — — A n . , p о ,j о v n n 
of the form Щ -т~Д1+2п )and Шд «m^ +nip - ra | ( I m ), 
which a r e c h a r a c t e r i s t i c of t h e d u a l - r e s o n a n c e m o 
d e l s . A s a r e s u l t we h a v e 

0,38 ( 1 2 ) Л - I Л г n«i l 

0,03 (13) 

w h e r e E q s . ( l 2 ) a n d ( l3) c o r r e s p o n d to (lO) a n d 
( l l ) , r e s p e c t i v e l y . T h u s , the v a l u e s of p v J A o b 
ta ined in t h e c a s e of the r a p i d o n s e t of the a s y m p 
totic, c h i r a l - s y m m e t r i c a l r e g i m e for p^(A)(q2 ), 
p rov ide the v a l u e of a(0) = 0 w h i c h a g r e e s f a v o u r a b l y 
with the l e a s t of so lu t ions ( l b ) . Note , tha t t h e s m a l l 
v a l u e of a(0) l e a d s to the c o r r e s p o n d i n g s m a l l n e s s 
of the p ion e l e c t r o m a g n e t i c po la r izab i l i ty , for t h e s e 
quan t i t i e s a r e s h o w n in r e f . / 4 / to b e p r o p o r t i o n a l 
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to each other in the soft-pion limit. We s t r e s s 
in conclusion that due to the large compensation 
of two terms in eq. (з) а(0) i s v e r y sensi t ive even 
to small variations of each term, s o that better 
experimental accuracy for <гй> and y-a/b would be 

highly desi rable . 
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