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Nonlinear Relations between QCD Sum Rules for

���� ��� and ��� Coupling Constants

Summary

New relations between QCD Borel sum rules for strong coupling constants are derived� It is

shown that starting from the sum rules for the coupling constants gM��� M � �
�
� �� it is

straightforward to obtain the corresponding sum rules for the g��� and g��� ones� In the given

range of parameters the values of these couplings are obtained�

rEZ�ME

pOLU�ENY NOWYE SOOTNO�ENIQ MEVDU BORELEWSKIMI PRAWILAMI SUMM W khd DLQ KONSTANT

SILXNOJ SWQZI �� I � GIPERONOW� pOKAZANO� �TO� OTPRAWLQQSX OT PRAWIL SUMM DLQ gM���

M � �
�
� �� MOVNO NEPOSREDSTWENNO POLU�ITX SOOTWETSTWU��IE PRAWILA SUMM DLQ KONSTANT

g��� I g��� � w ZADANNOJ OBLASTI PARAMETROW WY�ISLENY ZNA�ENIQ �TIH KONSTANT SWQZI�

c�NPI MSU ����



� Introduction

QCD sum rules ��� has been used thourouphly for studying the properties of the low�lying
hadrons
 Many attention has been paid to the analysis of the baryon magnetic moments
to begin with ������� in the framework of the Borel sum rules
 Analysis of the meson�
baryon couplings in the framework of the QCD Borel sum rules are also of great interest
�see ������� as these couplings enter many physical problems


Recently we have found nonlinear relations between QCD sum rules for �� and � hy�
perons constructed for such important characteristics as masses and magnetic moments
���
 ���
 These relations show that it is su�cient to construct a sum rule either for ��

hyperon or for � one and to get all other sum rules just by de�nite nonlinear transforma�
tion


It is natural to put a question whether similar relations can be constructed for other
quantities such as pseudoscalar meson�baryon coupling constants
 As we have noted in
��� the problem has also a practical side as for example QCD sum rules in ���
���
���
���
were written for all �BB and �BB coupling constants but the ��� and ��� ones


We shall show here in what way one can construct QCD sum rules for the ��� and
��� couplings from those for ��� and ��� couplings on example of the known QCD
sum rules derived in ���
���
 Partly we have treated the problem in ���


The paper is organized as follows
 First we discuss relations between couplings of ��

and � mesons to � and � hyperons in the SU��� and quark model
 Then we formulate
relations between QCD correlators for � and � hyperons
 In the next two sections we
apply it to �nd QCD sum rules for ��� and ��� starting from the sum rule for �� �
coupling to �� hyperon
 In the last section results of the numerical analysis are given and
discussed


� Relations between couplings of �� and � mesons

to � and � hyperons in the SU���

We begin as in ���
 ��� from a simple example
 In the unitary model all the pseudoscalar
meson�baryon coupling constants can be expressed in terms of F and D constants from
the known unitary symmetry Lagrangian ���

L � DSp �BfP�Bg� FSp �B�P�B�� ���

where
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But for ��like baryons the coupling constants for �� and � mesons can be written in a
form similar to that found for the corresponding baryon magnetic moments in SU���f
���
����

��B�qq�� h� � �eq � eq���F � eh��F � �D��

wherefrom usual unitary symmetry pattern for the magnetic moments of the ��like baryon
emerges�

��p� � ����� � �F �
�

�
�D�

����� � ����� � ��F �
�

�
�D�

��n� � ����� � ��

�
�D�

Namely
 let us write coupling constants of �� and � mesons related in the quark model to
currents

j�
�

�
�p
�

��u��u� �d��d� ���

and

j� �
�p
�

��u��u � �d��d� ��s��s�� ���

with octet ��like baryons as B�qq� h�

gMB	qq�h
B	qq�h
 � gMqq�F � gMhh�F �D�� ���

or
 particle per particle�

g��pp � g��uu�F � g��dd�F �D� �

s
�

�
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s
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and so on
 where g��uu � �
q

�
� 
 g��dd � �

q
�
� and g��ss � � can be just read o� Eq
�����

and

g�pp � g�uu�F � g�dd�F �D� �

s
�
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��F �D��

�



g����� � g�uu�F � g�ss�F �D� �
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�
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are read o� the Eq
����


Let us write now a formal relations for the ������ and ����� coupling constants�

g����� � g��uuF � g��ddF � g��ss�F �D� � �� �	�

g����� � g�uuF � g�ddF � g�ss�F �D� �

s
�

�
D� ���

and change �d� s� to form an auxiliary quantities
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and �u� s� to form two more auxiliary quantities
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The following relations hold�
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The origin of these relations lies in the structure of baryon wave functions in the NRQM
with isospin I � �� � and I� � ��

�
p

�j���ud� s�i� � j�u�d�s� � �d�u�s� � u�s�d� � s�u�d� � d�s�u� � s�d�u�i�
�j�i� � jd�s�u� � s�d�u� � u�s�d� � s�u�d�i�

where q� �q�� means wave function of the quark q �here q � u� d� s� with the helicity ����
������
 With the exchanges d � s and u � s one arrives at the corresponding U �spin
and V �spin quantities
 so U � �� � and U� � � baryon wave functions are

��j���
ds�us� d�i � j���ud� s�i �

p
�j�i�

�j��dsi � �
p

�j���ud� s�i � j�i�
while V � �� V� � � and V � � baryon wave functions are

��j���
us�ds� u�i � j���ud� s�i �

p
�j�i�

�j��usi �
p

�j���ud� s�i � j�i�
It is easy to show that the relations given by the Eqs
���
 ��� immeaditely follow


�



� Relation between QCD correlators for �� and �

hyperons

Now we show how similar considerations work for QCD sum rules on the example of QCD
Borel sum rules for pseudoscalar meson�baryon coupling constants


The starting point would be two�point Green s function for hyperons �� and � of the
baryon octet�

!���� � i
Z
d
xeipx � �jTfJ�����x�� J�������gj� �� ����

where isovector �with I� � �� and isocalar �eld operators could be chosen as ���
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b�dc � �daTC��s
b�uc�� ����

where a� b� c are the color indices and u� d� s are quark wave functions
 C is charge conju�
gation matrix


We show now that one can operate with with M � ��� � � couplings to � hyperon and
obtain the results for the ��� and ��� couplings
 The reasoning would be valid also for
charm and beaty ��like and ��like baryons


In order to arrive at the desired relations we write not only isospin quantities but also
U �spin and V �spin ones


Let us introduce U �vector �with U� � �� and U �scalar �eld operators just formally
changing �d� s� in the Eq
�����
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Similarly we introduce V �vector �with V� � �� and V �scalar �eld operators just changing
�u� s� in the Eq
�����
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Field operators of the Eq
���� and Eq
���� can be related through
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Upon using Eqs
������� two�point functions of the Eq
���� for hyperons �� and � of
the baryon octet can be related as
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Relations given by Eqs
���
��� enable us to write QCD sum rules for ��� coupling
starting from the one to � �et vice versa� while those given by Eqs
���
��� allow to write
QCD sum rules for the ���� coupling


� Light cone sum rules for g��� and g��� couplings

We apply Eqs
������� �rst to sum rules written for the pion and eta�coupling constants
to octet baryons within the framework of the Light�Cone QCD ���
 As it was shown in
��� the corresponding LC QCD sum rules respected the unitary symmetry pattern
 But
sum rules for ���� coupling and ��� coupling were not elaborated
 Let us write them
now with the help of the Eqs
�������


We rewrite LC QCD SR s �Eq
���� from ���� for the M � �� � coupling to the baryon
BB�qq� q��
 in a way to make clear unitary symmetry pattern�
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and so on
 where !�
����M

�� are given in ��� and are rather cumbersome

For us it is important to note that !�

� corresponds exactly to �F 
 while �!�
�� corre�

sponds exactly to �D � F � of the Eq
����


�



Thus up to a renormalization factor and some obvious rede�nitions relations Eq
����
and Eq
���� are identical that is QCD sum rules shows explicit unitary symmetry pattern


We can de�ne gM���� as follows
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Following reasoning of the previous section and analogues of the Eq
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 ��� we obtain
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But in ��� LC QCD SR s are "avour symmetric
 So we search to investigate a more
complicated case where unitary symmetry of v
e
v
 and quark masses is broken


� QCD Sum Rules for g��� and g��� couplings

Recently Kim et al
������� have elaborated QCD SR s for the �� and �� coupling constants
to octet baryons taking into account corrections due to ms and h�ssi so it would be ideal
for us to take it as a probe and an independent test of our reasoning


We shall prove our relations on the example of QCD Borel sum rules obtained in ���
� it corresponds in ��� to the choice of the Lorentz structure i�� and the value of the
parameter t � �� which means the choice of Io�e baryon current �


It is convenient for us to rewrite the result of ��� in common way only for M � �� �
coupling to �� hyperon as
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�The corresponding formulae for any ��like baryon �p�uu
d�
 n�dd
u�
 ���uu� s� etc� can
be written from the Eq
���� for the �� hyperon with appropriate changes of quark
indices
�

Now we are able to construct two auxiliary sum rules for gM��
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Now we can construct sum rule for ��� and ��� couplings
 Upon using the Eqs
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Finally for g��� and g���
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It is straightforward to show that starting from the Eq
���� and applying Eq
���� one
returns to the Eq
����


� Numerical analysis and discussion

In this section we analyze the sum rule for coupling constant g��� obtained in the previous
section
 Numerical results are given in the table �
� and in the Figs ���
 We put our QCD
SR s results for the baryon octet in the columns  QCD and  Zero of the Table �


As in ��� we use 	B � C �M�
B
 where MB is the baryon mass
 while C is a universal

constant and is derived from the known coupling constant g�NN � ����

The values of other input parametrs appearing in the sum rules are� f� � f� �

��MeV 
 f�� � f�� � �
 m�
� � ��	GeV �
 h�s

�
G�i � ����
GeV 

 h�uui � h �ddi �

h�qqi � ��������GeV �� h�ssi � ��	h�qqi
 S � �����
 m� � ��	MeV�m� � ���MeV 

mu � md � �MeV�ms � ���MeV 


Note that we use g�NN � g��np � ����
 that is
 g��NN��� � ����
 It seems to us that
in ��� g�NN � g��pp � ���� was used which resulted in g��np � ���� � p� � �	��� and
g���np��� � �	��
 We put all SU��� results into the Table �


Table � shows the results of QCD SR s calculations
 It is seen that coupling constants
g���� and g����� are too large
 As the terms of the kind

�gMss
�

f�
M��mdh�uui� muh �ddi�h�ssi ����

��



in the Eq
 ���� give anomaly large contribution into these couplings resulting in huge
coupling constants �see �th column of the Table ��
 we put also the results with subtraction
of these terms ��th column of the Table ��
 One can see that the values with subtraction
look more reasonable and let to us a hope that the higher contributions should cancel
anomaly


The main result of our work is the derivation of new relations between QCD Borel
sum rules for strong coupling constants
 It is shown that starting from the sum rule for
the coupling constant gM��
 M � �� �
 it is straightforward to obtain the corresponding
sum rules for the g��� and g��� couplings
 The values of the constants obtained show
large symmetry breaking and can be hardly regarded literally for a moment
 The overall
sum rule pattern shows characteristic symmetry structure and deserves further study
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Table �
 In the �st column there is SU��� result given by ���� in the �nd column there
is our reproduction of this result with F�D��
��� and g��pn � F �D � ���� � p�� in the
�rd column there is SU��� result with F�D��
��� and g��pn � F � D � ����� in the �th
column there is SU��� result with F�D���� and g��pn � F � D � �����

��� Reproduction Correct Standart
F�D ��
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��� �
��� ���
g�pn # �	
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�� �
�	

g����� �
� �
�� �
�� �
�	
g����� ��
	 ��
�� �
�� �
��
g����� �	
� 	
�� �
�� �
��
g����� ���
� ���
�� ��
�� ��
	�
g����� � ��
�� �
�� �
��
g��� � ���
�� ��
�� ��
��
g���� � ��
�� �
�� �
��

��



Table � In the �th column there is QCD SR result obtained in ���� in the �th column
there is our QCD SR result obtained along ��� with g��pn � F � D � ���� � p� as input
and our results for ��� and ���� in the �th column there is our QCD SR result obtained
along ��� but with g��pn � F � D � ���� as input and our results for ��� and ���� in
the �th column there is the same results as in the �th one but without contiribution of
�� term


kONSTANTA ��� This work QCD Zero
g�pp�input� ��
� ��
� �
�	 �
�	

g�pp ��
�� ��
�� ��
�� ��
��
g����� ��
� ��
�� ��
	� ��
	�
g����� �
� �
�� �
�� �
��
g����� ��	
� ���
�� ���
	 ��
	�
g����� ��
� ��
�� ��
�� ��
��
g����� �
� �
�� �
�� �
��
g��� � ��
�	 ��
�� ��
��
g���� � ��
�� ���
�� ���
��

��
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