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Abstract

The mass-di�erence relation is derived in the framework of the following principal assumptions:

1) mass splittings in isomultiplets are solely long-distance hadronic e�ects; 2) these e�ects are not

purely electromagnetic in origin; and 3) the non-electromagnetic part of the mass di�erences in the

isomultiplets of the baryon octet is due to the �

0

� � mixing e�ects. The equation derived seems

to be attractive. Firstly, in this equation there are no free parameters. Secondly, it reduces to the

well-known Coleman-Glashow relation when M

N

=M

�

=M

�

. Thirdly, it is in good agreement with

experimental data.

1 Introduction

So far there is no model explaining reasonably mass splittings in hadronic isomultiplets. The search for

such a model is one the oldest problems in hadronic physics and its solution [1{8] has proved to be more

di�cult than it might have been expected.

The most popular approach to the problem is based on the study of dynamical quark models [1{4].

However, this way of calculating mass di�erences in isomultiplets has thus far yielded no unique results

since such models contain experimentally uncertain parameters. Moreover, this drawback is characteristic

of any model [1, 5{8].

We shall consider the mass di�erences in isomultiplets of the baryon octet within the framework of the

approach which has been proposed in the papers [7,8]. However, in this paper we are going to concentrate

on derivation of the mass-splitting relation without direct estimation of the mass di�erences.

2 The long-distance model

The mass-splitting relation is derived under the following principal assumptions: 1) mass splittings in

isomultiplets are solely long-distance hadronic e�ects; 2) these e�ects are not purely electromagnetic in

origin; and 3) the non-electromagnetic part of the mass di�erences in the isomultiplets of the baryon

octet is due to the �

0

� � mixing e�ect.

We consider a mass splitting as a self-energy shift of states within a given isomultiplet. The main

contributions to the mass shift in isomultiplets of the baryon octet arise from the self-energy diagrams

containing the �rst few low-lying virtual states:B + 
, B + �

0

, and B + �.

By the Feynman rules, a meson exchange yields the mass shift
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where p̂ = 


�

p

�

, q̂ = 


�

q

�

and 


5

are the Dirac operators; u(p) is the baryon spinor; p is the momentum

of the baryon in the initial and �nal states; q is the momentum of a meson in the intermediate state; M

B

and �

�

are, respectively, the baryon and meson masses; F (q

2

) is the hadronic form factor of a baryon;

g

BB�

is the Yukawa coupling constant.

We suppose the function F (q

2

) in Eq.(1) to be universal for the octet and quite similar to the hadronic

form factor of a proton:

F (q

2

) = (1� q

2

=m

2

)

�1

;

m = 324MeV: (2)

This is the empirical form factor which has been proposed by Ferrari and Selleri [9, 10].
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Another assumption is that the relations between the Yukawa coupling constants are de�ned by the

standard SU(3) invariant term [10, 11]:

L

int

=

p

2g(M

B

=M
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)(FTr[B;

�

B]� +DTrfB;

�

Bg�); (3)

where F and D are parameters of the F and D couplings.

Certainly, in the absence of the isospin symmetry breaking, the �

0

and � exchanges cannot split

masses of particles in an isomultiplet because the shifts for all its members should be the same in this

case. However, when breaking is turned on, the physical states are
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0

> sin � + j�
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> cos �; (4)

where j�

0

> and j�

0

> are the pure isospin states and � is the �

0

� � mixing angle.

The �

0

� � mixing generates contribution to isovector mass di�erences while similar contributions to

isotensor di�erences cancel themselves completely. A set of Eqs. (1){(4) leads to the following expressions

for contributions from the �

0

� � mixing:
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The numerical estimate [8] yields for integral I

B

the values:

I

N

= 0:498; I

�

= 0:511; I

�

= 0:516: (6)

As to the electromagnetic splittings, they have been thoroughly studied. According to [1], it should

be expected that the magnitudes of the contributions from the 
 exchanges are
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Taking into account values (6) for I

B

and values (7) for �




B

we assume approximately
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3 The mass-di�erence relation

With these assumptions and the use of (5) the summation of the contributions from the �

0

� � mixing

and the 


0

exchanges gives for the mass di�erences the following expressions:
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>From a set of equations (8) one �nds
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4 Conclusion

The mass-splitting relation derived seems to be attractive. Firstly, in this equation there are no free

parameters. Secondly, it reduces to the well-known Coleman-Glashow relation [12] if one sets M

�

=

M

�

=M

N

:

M

�

�
�M

�

+
=M

n

�M

p

+M

�

�
�M

�

0

The substitution of the experimental values [13] for the particle masses and mass di�erences in Eq.

(9) gives the following �ndings: value of its left-hand side is (5:68 � 0:05)TeV

�1

and the value of its

right-hand side is (5:61� 0:34)TeV

�1

: Thus formula (9) is in good agreement with experimental data.

References

[1] R.P. Feynman, Photon-hadron interactions (Massachusetts, 1972).

[2] P. Jain et. al., Phys. Rev., D40 (1989) 855.

[3] B.-Y. Park and M.Rho, Phys. Lett., B220 (1989) 7.

[4] J.A.McGovern, Nucl. Phys., A533 (1991) 553.

[5] L.N. Epele et. al., Phys. Rev., D39 (1989) 1473.

[6] H.R. Christiansen et. al., Phys. Lett., B267 (1991) 164.

[7] L.S.Molchatsky, Yad. Fiz.55 (1992) 505.

[8] L.S.Molchatsky, Nucl. Phys. A567 (1994) 734.

[9] E. Ferrari and F. Selleri, Nuovo Cim. Suppl. 24 (1962) 453.

[10] S.Gasiorowicz, Elementary particle physics (Wiley, New York,1966).

[11] M.M.Nagels et. al., Nucl. Phys. B109 (1976) 1.

[12] S. Coleman and S.L.Glashow, Phys. Rev. Lett. 6 (1961) 423.

[13] R.M.Barnett, et. al., Particle Data Group,Phys. Rev. D54 (1996) 1

282


