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Original scientific paper 

In this paper a phenomenological approach to the determination of effective mag­
netic moments of the light quarks is generalized to the SU ( 5) classification scheme. 
In the treatment of radiative decays of the rJ measons a mixing matrix, introduced 
elsewhere in connection with the broken chiral symmetry, is instrumental. 

Magnetic properties of hadrons have recently been considered within a pheno­
menological approach 1> where estimates are given for the effective magnetic mo­
ments of quarks, due to the magnetic coupling of the photon to three or more 
gluons. The effect is conceivable as a quark loop implication, but in the absence 
of a reliable way to calculate these QCD contributions the problem is treated pheno­
menologically by modifying the nonrelativistic SU (6) quark model and allowing 
quarks to initially have arbitrary effective magnetic moments. 

Our interest in the matter has been aroused by recent measurements of the 
hyperon magnetic moments and of magnetic dipole transitions in meson radiative 
decays2>, which show a remarkable reliability of the naive quark model prediftions, 
provided one incorporates suitable anomalous magnetic moments to quarks and 
appropriate mixing schemes3>. Our note, therefore, is concerned with an extension 
of the approach in Ref. 1 to a phenomenological consideration of the magnetic 
moments in an SU (5) x SU (2) nonrelativistic quark classification scheme, and 

• Supported by the National Science Foundation and SIZ of Science SR BiH under Con­
tract No. YOR 81/020. 

FIZIKA 14 (1982) 2, 127�132 127 



DAM.JANOVIC ET AL.: A NOTE ON RADIATIVE ... 

to subsequent theoretical determination of the radiative decay widths for charmedand b-flavoured vector and pseudoscalar mesons. 
A special feature in this note is an application of the 'fJ meson quark-composi ..tion matrix, which we introduced earlier8>, in the context of broken SU (5) X 

x SU (5) chiral symmetry. The matrix is based on the plausible assumptionsthat 'fJ contains only the light quarks (u, d, s) and that 'YJ' and 'f/c do not cont� bquarks. These assumptions introduce two mixing angles <pi and <p2 in the follo­wing orthogonal transformation: 
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with s1 = sin <pi, s2 = sin <p2, ci = cos <pi, .c2 = cos 'P2· The symbols JS), j15),124) and IO) stand for the regular representation zero-quantum-number states.
Starting with the general form of the decay matrix element for the radiativedecay of vector mesons 

(1) 
where p and k are 4-momenta, and U and e polarization vectors, of the vector me­son V and y-quant, respectively, one routinely arrives at the decay width expression 

and analogously 
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(3) 
The SU (5) classification symmetry enables us to interrelate the amplitudesa (VPy) for various mesons. To this end one expresses the interaction hamiltonianas a trace Tr V { P, A}, where P and V are the corresponding 5 x 5 meson matri­ces for o- and I -, respectively, while A is the diagonal photon matrix containingthe quark magnetic moments (µu, µd, µs, µc, µb). This represents �e most generalform of the effective interaction due to the fact that photons do not carry alongflavour, and consequently, A has to be diagonal and the other permissible analo­gous trace, but with a commutator instead of the anticommutator, must vanish.
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TABLE 1. 
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Predicted and experimental radiative decay widths. 
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Within the P-matrix we introduce an angle 1J to represent the w - <p mixingwhich serves to interpret some decays, e. g. r,' � w y. We also introduce angles<p1 and <p2 which appear in the 1J meson quark-composition matrix. 
In Table 1 we present, for each magnetic dipole radiative meson decay, thecorresponding amplitude, predicted decay width and experimental valge (wherethe data exist.) 
Magnetic moments of the light quarks are given the usual values, µu .= 0.67 µ,,,µ4 = -0.37 µ,,, µ11 = =0.19 µ,,, with µ,, being the proton magnetic moment.Note that the data for 'I' � 11' 'Y and 'I' � 1/c 'Y contribute considerably to the valueof the magnetic moment of the c quark, giving µc = µco - de, with µco being the naive quark model value5> and de amounting to � 40% decrement. Thus we take 
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µc = 0.80 µIJ, while to the b quark, in the absence of experimental fits, we ascribe 
the naive quark model estimate µ6 = -0.02 µp. 

The values ,0. � 38° and <p1 �, 10° are taken from the corresponding mixing
angles in Ref. 1, while the value <p2 P1::S 1° is a byproduct of the estimate for the
c quark magnetic moment. 

For processes in which only the light quarks appear the results are identical 
to those obtained in Ref. 1, with the exception of 'Y/' -+ w y, rJ' -+ (} y and <p -+ 'Y/' y 
which may differ on account of a correction due to the mixing angle <p2• 

In view of the obtained µc value we find it useful, hopefully, to use it also 
for the estimate of the magnetic moments of the c-flavored baryons. As definition 
of the baryon magnetic moment we use the expression 

(4) 

where t/J and x are flavour and spin baryon wave functions, properly symmetrized. 
The results are presented in Table 2. 

TABLE 2. 

baryon I quark
content , ,.Jµ, II baryon I quar

k
content I ,,1,,. 

x_++ C uuc 0.86 At udc 0.07 

x+ udc 0.17 =--..c+ USC 0.07 C """C 
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C ddc -O.S2 Sf0 else 0.01 

=--+ 
_,c USC 0.29 $:l'++ 

-'CC ccu -0.12

=--o dsc -o.40 $;'+ ccd 0.22 -c -'CC 

D� SSC -0.28 Dtc ccs 0.16 

Ratios of the magnetic moments of charmed baryons to that of the proton. 
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0 RADIJACIONIM RASPADIMA VEKTORSKilI �ZONA 

D. DAMJANOVIC, S. FAJFER, N. ILIC i Z. STIPCBVIC
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UDK539.12 

Originalni znanstveni rad 

U radu se generalizira jedan fenomenoloski pristup odredivanju efektivnih magnet­
skih momenata lakih kvarkova na SU (5) klasifikacionu shemu. U tretiranju radi­
jacionih raspada 7J mezona primjenjuje se matrica mijesanja koju su autori uveli 
u jednom ranijem radu u vezi razmatranja narusene kiralne simetrije. 
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