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ABSTRACT 

We i nvesti gate the p ossibility of e x planati on of the 

gA / S / g�P ratio us ing the chi ral bag model with s k i n . Thi s

rati o has been  estimate d from the analy s i s  of the deep 

ine las tic scat ter i ng of p olar i ze d  e l ectr on on polari ze d  

protons . W i th the same mode l  we  reproduce ex pe rime ntal valu es 

for axial vector coup l i ng cons tants , gA ' for semil e p tonic

decays . 
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In the  M I T  bag mo de l the q ua n t i ty gA / S ' a x i a l  v e c t o r  

i �os ca la r coup l i ng c on s tn n t , i s  de fi ne d b y  i s os � i n  ma t r i ces  

a ppea r i ng i n  the  de fi n i t i on  of  a x ia l v e c to r  cou p l i ng con s t a n t  

fo r t h e  be ta decay (11 ( g� P ) w i th u n i t  SU ( 2 ) mR t r i x . E x pe­

r i mP n ta l l v i t  i s  n o t  v e ry we l l  e s ta b l i s h e d . Us i � g s ome 

n o  w� � fcu r rl t h � t t h P  v n l u e  o f  t he g A · s ' � � -
. •  I , ?. 

i n  t he  ra nge 0 . 4 1-0 . 5 5 ( g� P  = 1 . 2 39  � 0 . 009 ) . 

r a t i o  i !i  

W e  i n v e s t i ga te d  t h e  pos s i b i l i ty o f  a c h i e ve i ng �oo d 

va lues  fo r F,A / S / g� P  a n d  g�P  i n  some  qua rk  mode l s . Non­

re la t i v i s i tc mo de l s giv�  a too h i gh va lue  for g�P , 1 . 6 7 . A l l  

bag  mo de l s wh ich  s a t i s fy th e SU ( 3 )  f lavor  symme t ry g i v e  

gA / S / g� P = 0 . 6 ,  a t o o  h igh va lue , s o  w e  cons i de r e d  b rea k i n�

o f  t hat  symm e t ry . I n  the  MIT  bag mo de l i t  c an  be b roken  us i n g

nonequa l q ua rk ma s s es : one  c a n  r e p ro du ce good va lues  fo r

v.A / � / �� P  R n d ��P ; howeve r ,  t oo b i P, u a n d d qua rk  ma sses  

have  to  be  used  (3 ) . Anoth e r  pos s i b i l i ty to  b reak  t he  s ymme t ry

i s  to e xten d the  mo de l by  i n t ro du c i ng mesons  ( a s i s  done i n  

t h e  ch i ra l  bag mode l s ) w i th t he i r  e x p e ri me n t a l  mass  v a l u e s . 

I n  t he c l ou dy c h i ra l  bag mod e l  [ 5] the re i s  n o  mes on cont r i ­

b u tion t o  t h e  g�P a n d  gA / S  s o  t h e  MIT b a g  mo de l resu l ts a re

ob ta i ne d . Brown-Rho  c h i ra l  bag  mod e l  (4] can  rep ro duce  

gA / S / g�P va l u e  w i th i n  gi ven  e x p e r i me nt a l range , but  �t  g i ves

a too h igh g�P va lue , 1 , 5 65 . This  l e d  u s  to  i nves t iga t e  

whe t h e r  thes e qua n t i t ies  can  b e  rep rodu c e d  i n  ch iral  bag 

mode l wh i t h sk i n  (6 ] ( CBMS ) . 

In  the  CBMS the  W i gn e r  pha s e  region ( region w h e re 

c h i ra l  symme t ry i s  not  spontaneously b roke n , i . e .  where  
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me sons do not ex i s t ) is sma lle r  than th e con finement reP, i on 

( re g i on where q ua rks ex i st) , tha t  i s ,  for sph e r i cal mo de l , 

c h i ral rR di us RCH i s  s mall e r  tha n  the con fi nement ra d i us

R .  I n  th e mo de l we inc l ude th e whole  nonet o f  pse u dosc a l a r  

mesons ,  so t he  La gra n gian de sc r i bi ng it i s  U ( 3 ) x U ( 3 )

c h i ra l  symme tr i c [3) . F rom the Lagra ngi an one  ge ts h i ghly

nonli nea r equa ti o n s  fo r me sons  a n d q ua rk s  a n a  tn e expres s i o n  

for a x ial vecto r  c urrent .  To  sol ve these e q ua tion s we  ma de 

the fol low i n g  a ssumptions :  

( 1 ) we a ssume d tha t  me son-qua rk coup l in g  consta n t ,  1 / f, 

is sma l l  a n d  reta in e d  only ze roth a n d  first o r de r  te rms 

in Ja f fe ' s  e xpansion . 

( 2 )  we a ssume d tha t  the re i s  no  me son-q ua rk coup l i n g in th e 

RCH ( r ( R region , where  q ua rks a n d  mesons coex ist, so

q u a rk-me so n  inte ra c tion i s  reta i n e d  on ly on  c on finement  

boun da ry . 

( 3 ) we a ssum e d  tha t  the meson te rm can  be negl ecte d  in th e 

l inea rize d q ua rk boun da ry c o n dition .  

( 4 )  gluon ic de grees  o f  free dom were neglecte d .  

U sing these a p p rox ima tion s  we  obta in e d  th e fo l low in g  equa tions 

for q ua rks  a n d  mesons  

LJTt = o
� '11 - j_
_-J-O?o.. tf l c\,°' = 0
no c\=P' == O

a n d  the ex p ression fo r a x ia l  vector ·currents 



96 

n o  To obta i n th e v a lues  o f  �A / S / gA · s'sa n d  o f  gA for s e m i·-

l e p ton i c  de cays  we  n e e d  ma tr i x  e l e me n ts of the space i nte­

�ra l s  o f  t h e  a x i a l  v e ctor cur re n ts .  Qu� rk con tr ibuti on , 

a s  i s  s een  from eq . -s ( 1 ) , ( 2 )  a n d  ( 5 )  i s  the s ame a s  i n  the 

M IT  ba � mode l b eca us e  ( 1 )  a n d  ( 2 ) a re the u sua l  M IT  ba g 

mo d� l equa t i o n s  for q ua rk s .  M � son con tr i b ution  ca n be fo un d 

t">y � o l v i n ;;: � o ua ti ons  ( 3 } a n d  ( ll )  a n d  by u sing cont inu i ty of 

th e a x i a l  v e ctor  current at th e con f i nement  ra d i us .  Putti n g  

� 1 1  toge th e r  or.e obta i ns the follow i ng e x p res s ion 

� a re P a uli s p i n ors , �a a : 0 , . . .  8 a re U ( 3 ) gen e ra tors [11 
O ( B, B) a re fa ctor coming from SU ( 6 )  s tructure of ba r i on 

wa ve fun cti ons [3] a n d  u a n d  v a re up and  down component

of  q ua rk wav �  functi ons fo r s p ne r i ca l  bag . The  f irst  te rm

in the bra ck e ts in ( 6 ) cor resp on ds to quark  contribution

wh ile th e s e con d comes  from me s on s .

T h e  e x p ress  i ons for g! 8 for a speci fie B ->.B e v

s em i lepton i c  decay  i s  obta ine d  by tak ing the ma trix element 

( ,) 

of s pa ce i ntegra l of combina tion of a x i a l  vector cur rents 

corres pon di ng to tha t  tra n s i tion between  the  ba rion s ta tes . 

The mes on ic contribution comes from the mes on wh ich has  th e 

same q ua ntum numb e rs a s  the  s emile p t onic decay mat rix e lement . 
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[ n  the cas e o r  gA 1 5 

two mesons have the same q u: l ll t um

numhr.rs  as  the ma t r i x  e l ement , 'l and  ,, so they both  • :r1n

g i ve contr i bu t i on .  P rope r comb ina t i on of a x ia l  v ector  

curre n ts corresponcJ i  ng to 1 and  � I was  ex t ra c t e d  f rom  t h e

exp res s i on for g 1 < ! ) funct i on [2] a ppea r ing i n  the P. X p res s ­

i on for t he  c ross sec t i on o f  pola r i ze d  e l ect rons o n  po l a r i z e d  

protons  i n  t he B .i o rken t i er. i t , from w h i c h fl'.A / S i s  de f i n P d  [ � J

tr ) 

From the above d iscuss ion and  u s i ng ex pres s i on s
I 

( 6 )  , ( 7 )  one obta ins exp re s s i ons for ll.A / S ' g�P an d g: 8 :

F rom ( 6 )  a nd  

� �/!, '3

1:
p S"" 

( 9 )  we have 

t -

' -
�c! l I 8 4- 0 )- - b, + - 6, R C � 

lr� {) l 
� \ 

For SU ( 3 ) symmetric case ( when a ll r, a a re equal)  the

( �o', 

(M\ 

ra t i o  gA / S/ g�P is  equa l to  0 . 6 .  The c l ou dy c h i ra l  bag mo d e l

. ( RcH= 0 ). lea ds to t h e  same value . Bu t when exp e r i me n ta l 

meson masses are used  in  eq . { 1 1 ) , the  ra �io b ecomes smalle r  

than O . 6  because � a n d  1 '  masses a re la rge r  than the it ma ss

( see express i on for 6.,  , eq . ( 6 ) . Numerical studies  showe d 

that both gA/S/g:P and g�P hardly change when Rcel R  ra tio
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was fixed and R was charge d by � 70 � .  Values  for them 
. np a re gA ·"' 1 , 23 and gA /S/ gA "' 0  .55 i . e .  experimenta l va lues

a re reproduced . It shou l d  be noted tha t the same model 

reproduces very we l l  the val ues for semi lepton i c  decays as 

ca n he seen from the fol lowing tab l e  

S L  decay CBM� r.X P
+ 

2: - -> f\ev o.s9�- o.s�s
I\ -..:, \> ev 0. 'H7 o .�s�
-- -z• -.:.. _. e" 0.,02 0. &9.\ 
�- -+ (\ ev � o.�1 2 O .Y.O
� -,,  -,e� o. 2s,; 0 ,3\0
t\ � p e" �. 22J 4 .n3

It  is  interest i n� tha t CBMS con fi rms both ass um­

pt i ons tha t El lis and Ja f fe ma de ( 2] i n  de r iv ing the express­

i on for sum rules for deep i nelast i c  sca t tering  o f  pola r i zed  

e l ectrons on po larized  p rotons . The fi rst i s  tha t sea qua rks 

do not con t r i bute in ma trix  elements of cu rren ts  which  

c () mea n i ng ba rion ma tr i x  element ) 

and  the second i s  the assumpt i on of  SU ( 3 ) symmet ry o f  currents 

which together with the fi rs t assumption gi ves g
A /s= 3F - D

( F  an d D are usual constants a ppearing in SU ( 3 )  symmetric 

expressions for axia l vector currents l1] ) . Taking - experi­

mental values for F and D (a] one obta ins value f�r �A/S
very nea r to ours ( gA�;P = 0 . 675 ) .

In conclus ion , usi ng the quoted approx imat ions 
e' awe were able . to reproduce good  va lues for gA /S and gA 

in  CBHS . We haven 't  taken into a ccount reco i l  and center 

or mass  corrections . It would be interesting to �ee what

+ Experimental results taken from rer . {a] 



va l ues fo r �A / S  woul d y i e l d  oth e r  q u a r k  mo de ls . A ls�  �

more pre ci s e mea s uremept o f  th at  q ua nti ty i s  des i rea t, l � 
, .�

beca us e  i t  woul d b e  a goo d  tes t  fo r h a dron mode l s . 
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