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The electromagnetic properties (magnetic moments, electromagnetic mass splitting, radiative 
decays, electromagnetic radii) of mesons and baryons are treated in the framework of a non­
relativistic quark model, on the assumption that the medium-strong interaction that breaks 
SU(3) symmetry leads to a change of the mass and magnetic moment of the "strange" quark. 
An expression is derived for the electric quadrupole moments of vector mesons which are 
caused by relativistic effects. 

IT is well known that most of the predictions of 
the unitary symmetries can be obtained in the 
framework of a nonrelativistic quark model[ 1, 21 

for the baryons and mesons. In papers by Stru­
minskil, [ 31 Dolgov et al., [ 41 and Azimov et al. [ 51 

the quark model has been applied to the calculation 
of magnetic moments, of the electromagnetic mass 
difference of baryons, and of the radiative decays 
of vector mesons. Here the general expression for 
the electromagnetic current of a system of quarks, 

j = L; j; + L ju, + · · · (1) 
i i<k 

was approximated by a sum of one-particle opera­
tors [i.e., only the first term of the sum (1) was 
retained], and in addition it was assumed that the 
magnetic moments of the various quarks are pro­
portional to their charges: 

f.tu : f.id : I-ts = eu : ed : es = 2 : -1 : -1. (2) 

In the present paper the electromagnetic prop­
erties of baryons and mesons are discussed on the 
following assumptions: 

1) It is assumed that the turning on of the 
medium-strong interaction that breaks SU(3) sym­
metry leads to a change of the mass of the 
"strange" quark (in accordance with Zweig[ 21 ) 

and the violation of the relations (2) for the mag­
netic moments of the quarks. 

2) The contribution of interaction currents, 
i.e., of two-particle and three-particle (in the 
case of baryons) operators in (1) can be neglected. 

3) The total orbital angular momentum is a 
good quantum number and is equal to zero for the 
multiplets of baryons (1h + and 3h +) and of mesons 
(o- and r). 

4) The wave functions of particles in the rest 
system transform according to the laws of SU(6) 
symmetry-that is, it is assumed that in first ap­
proximation the effect of the symmetry-breaking 
interaction on the wave functions can be neglected. 

THE ELECTROMAGNETIC PROPERTIES OF 
BARYONS 

1. Following Struminskil, [ 31 we can express 
the magnetic moments of baryons in terms of 
those of u, d, and s quarks by the usual formulas 
of nonrelativistic quantum mechanics. For the 
proton, neutron, and A particle we have 

f.tp = 1/3(4!lu -!ld), 

fln = 1/3( 4~-td - Jlu), 

flA = fls· 

From (3a) and (3b) and the experimental values 

(3a) 

(3b) 
(3c) 

J.lp = 2.79, J.ln = -1.91 (all values of magnetic 
moments will be given in nuclear magnetons) we 
find that the relation J.lu: J.ld = 2: -1 is satisfied 
with good accuracy. The experimental value of 
the magnetic moment of the A particle, as the 
average of the results of several experiments, 
is[SJ J.lA = -0.73 ± 0.17. The experimental errors 
are rather large, but nevertheless some decrease 
of J.ls as compared with J.ld = -0.93 seems com­
patible with the idea of Zweig[ 21 that the mass of 
the s quark is increased as a result of the break­
ing of SU(3) symmetry. In what follows we shall 
assume J.ls = -0. 73, and consequently 

!lu : fld : fls = 2 : -1 : -0,8. (4) 

The other values of magnetic moments of stable 
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Table I 

Theory 

I :E+ :E•. 

su (6) 2.79 0,93 
A c cording to ['] 2.20 0.73 

Q uark model and 
Eq. (4) 2.72 0,86 

(against strong interactions) mesons are given in 
Table I. 

For comparison there are also given the values 
of 1-LB which correspond to exact SU(6) symmetry, 
and the values of the magnetic moments which fol­
low from the suggestion of Beg and Pais [ 1l that 
there is a correction for the mass splitting 

J.lB1 = J.lBSU(S)mp/mB. 

As can be seen from Table I, there is a rather 
strong discrepancy between our approach and 

(5) 

Eq. (5). In the case of the I:- particle there is 
even a different direction of the change of the re­
sult of SU(6) symmetry: the magnetic moment 
1-LI;- is increased, not decreased, in absolute value. 
We note that if we interpret the decrease of 1-ls 
directly in terms of an increase of the mass of the 
s quark-that is, suppose that J.Ld: 1-ls = m 8 : md­
then, taking ~m = m 8 - md i':::j 150-190 MeV, we 
can use (4) to get values of the masses of the 
quarks as constituents of baryons: 

mu = md :::::: 550-700 MeV, m 8 :::::: 700-890 MeV. 

2. In the quark model the magnetic moments of 
the transitions which determine the probabilities 
of the radiative decays I:0 - A + y and B10 - B8 

+ y are 

J.L(I: 0A) = -l'311d = - 1/2l'311n, 
11(L\o+p) = 11(l\o0n) = - 2/af311(I:o0A) = 2!d2 (11u- l1d) 

= 2/dZ11p, 
11(I:o+I:+) = ~AJ(8o08°) = %l'2(J.Ls- 11u), 
11(I:o-I:-) = 11(8o-:S-) = 2/3l'2(11d- J.ls), 
11 (I:o0I:0) = 1/aYZ (11u + l1d - 2t.ts). (6) 

It follows from (4) and (6) that the decays I:6 
- I:- + y and :S 8- :S- + y, which are forbidden in 
exact SU(6) symmetry, now have finite widths. 

3. According to a paper by Dolgov and others, [ 41 

the electromagnetic splitting of the baryon masses 
is due to the difference ~ of the electromagnetic 
masses of the u and d quarks, the Coulomb inter­
action El:;eiek, and the interaction of the magnetic 
moments of the quarks, M6Mil-lk· 

Following this approach, we make a new calcu-

I 

Magnetic moment 

:E- I :;;:• I 8- I Q-

-0.93 -1,86] -0.93 -2.79 
-0,73 -1.32 -0,66 -1.56 

-1 -1.59 -0.66 -2.19 

lation of the parameters ~. E, and M, using the 
relation (4) and more accurate values of the exper­
imentally observed mass differences of the hyper-

[81 - 0 - 4 v ( - +) ons: (I: -I:)exp- .99±0.12Me I: -I: exp 
= 7.89 ± 0.12 MeV. We have 

L\ = 2 MeV, e = 1.3 MeV~ M = 0.6 MeV. (7) 

The greatest difference from the results of 
Dolgov et al. [41 occurs for the mass differences 
E- - E0 and Z6 - zGo : 

g- - go = A + 2e + 3.2M :::::: 6.5 MeV, 

8 0-- 8 6° = L\ + 2e- 1,6M:::::: 3.6 MeV. (8) 

The corresponding values in [ 41 are ;:;::- - :S 0 

= 6.4 MeV and :S;5- :S~ = 3.4 MeV. The experi­
mental values are (:S-- :S 0)etp = 6.5 ± 1 MeV and 
(86- S~)exp = 5.7 ± 3 MeV.[9 We see that the 
electromagnetic mass splitting is not much af­
fected by the replacement of the relation (2) by 
Eq. (4). 

4. If we define the electromagnetic radii of the 
particles by means of the formulas 

<r2>:lec= ~B < Bl ~ p(r)r2d3rl B> 
1 

= -0 · ~~ <Biei(r;- R) 2 IB>, 
B i 

<r2>!ag= 11~ < B I ~ 11z(r)r2d3r I B) 
1 

= -.~<BII1iz(ri- R) 2 IB> 
11B i 

(9) 

(where QB t 0 and 1-LB t 0 are the charge and the 
magnetic moment of baryon B, ri is the coordi­
nates of the i-th quark, R =6imiri/6imi, and 
the averaging is taken over the ground-state wave 
function), then in the limit of exact SU(6) sym­
metry the charge radii of all neutral particles are 
zero, and the magnetic and charge radii of the 
charged baryons are equal to these same quanti­
ties for the proton. 

The breaking of SU(3) symmetry, expressed in 
an increase of the mass of the ''strange'' quark, 
has the consequences that 
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a) the charge radii of neutral particles which 
include strange quarks in their composition be­
come different from zero; 

b) the electromagnetic radii of charged strange 
particles are different from the proton radius. 

From the formulas (9) and the condition of com­
plete antisymmetry of the radial wave functions of 
baryons we can derive 

A _ :!:0 _ Y2 + Y - 2 ( ) p ~ 1 ( ) p 
(r2)elec - (r2)elec- (y + 2)2 r2 elec~ 31\ ,,-2 elec\ 

:E'-+A y2 + y + jl p ( 1 ) p 
<r>mag =3 (y+2)2 (r2>mag~ 1+ 3 11 (r2)mag, 

:E0-+A ( p ( 2) A 
(,-!!)mag ~ r2>mag+ r .elec, (10) 

where y = ms/md = ms/mu = 1 + o, o > 0, 
ms, u, d being the masses of the s, u, and d 
quarks. At present the most accessible way to 
check (10) is to study the decay I:0 --+A+ e+ +e-. 
The study of this reaction is also interesting for 
another reason. The splitting of the masses of I:0 

and A is due to dynamical factors beside the re­
normalization of the parameters of the s quark, 
and it can be expected that they will appear most 
noticeably in the reaction of conversion decay of 
I:0• We note that owing to the orthogonality of the 
spin and unitary-spin wave functions of I:0 and A 
the equation 

2 l:.o-+A 
(r >etec = 0 

is also valid for y * 1. 

THE ELECTROMAGNETIC PROPERTIES OF 
MESONS 

(11) 

1. The magnetic moments of vector mesons and 
the magnetic moments of the transitions that de­
scribe radiative decays V - P + y are given in 
the quark model by 

!l(p+) = -~-t(p-) = ~-t(wn°) = 1'3 !J.(pTJ) = 1-tu- l-td, 
!J.(K*+) = -~-t(K*-) = !J.u- f..ts, ~-t(K* 0 ) = -~-t(.K*o) 

=l-td- [ts, 

!J.(pn) = 1'3 !J.(WTJ) = !-tu + !J.d, 

f.t(KchKch·) = f..tu + f..ts, !t(Kn:utKneut) =l-td+ fts, 

~-t(<pTJ) = - 2faY6f..ts, f.t(<pn°) = 0, (12) 

where 

!t(K:hKch) = !l(K*±K±), 

!t(Kn~utKneut) = f..t(f(*Of(O) = f..t(J(*OJ(O), 
!J.(pn) = f.l(p±on±O). 

In the derivation of (12) it has been assumed that 
the physical particles cp and w arise as the result 
of mixing of singlet and octet, so that cp contains 
only strange quarks and w only nonstrange quarks. 
Moreover, we have not taken into account the pos-

sible mixing[ 10J of T7 (548 MeV) and :xD (959 MeV). 
By means of (12) one can derive a number of sum 
rules for the magnetic moments with arbitrary 
ratios of J.Lu, J.Ld, and J.Ls· If we suppose that the 
relation (4) is valid also for the case of mesons, 
then we can express all of the magnetic moments 
in terms of J.L(wn°), while the width of the decay 
w __.... 1r 0 + y is known from experiment. [ 11 J 

Table II 

r. MeV 
V~P+Y 

f!-(VP) 
f!-(wn') 

x=! 
I 

X=0.8 

w-. n" + r 1 1 ± 0.2 1 ± 0.2 
K~h->K ch +r 1/a(2- x) 0.058 0.083 

:eut-+Kneut + r K - 1/a(1 + x) 0,23 0,19 

IP-TJ+r •;. Vilx 0.25 0,16 

In Table II we give those values of magnetic 
moments and widths which differ from those ob­
tained in the paper by Azimov et al., [ 5J where it 
was assumed that Eq. (2) holds (x denotes the ra­
tio J.LsiJ.Ld)· It can be seen from the table that a 
change of J.Ls has a rather marked effect on the 
widths of radiative decays. 

We also point out that in contrast with those 
corresponding to exact SU(6) symmetry, the mag­
netic moments J.L(K*0) and J.L(K*o) are now different 
from zero and will make a definite contribution to 
the cross section for photoproduction of K*o and 
K*0 mesons. 

2. The electromagnetic splitting of the meson 
masses has been treated in the quark model in the 
paper of Azimov et al.[ 12 J for J.Lu:J.Ld:J.!s = 2:-1: 
-1. We have already seen that a change of the 
magnetic moment of the s quark has only a weak 
effect on the size of the electromagnetic mass 
splitting of the baryons. The same will evidently 
be true also for mesons. At present there are no 
experimental data for vector mesons, and nothing 
with which the theoretical predictions of [ 12 J can 
be compared. 

3. By means of formulas of the type of (9) it is 
not hard to get ratios between the charge radii of 
pseudoscalar mesons: 

4 1 + 2y2 ( 1 ) 
(r2)x+ = 3 (1 + y)z (r2)" ~ t + 31\ (rz)", 

4 1-y2 2 
(r'!)Ko = (r2)K,'-+K,' = 3 (1 + y)2 (,-!!)" ~ -31\ (r2)", 

(r2)K• = (r2 )K,'-.K,' ~ 2((r2)"- (r2)x+), (13) 

where 

j!(10)= i_(jKO)+jl?O)), 
l'2 
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The meanings of the notations y and 6 are the 
same in (13) as in (10), but their numerical values 
here can differ from those for baryons. We note 
that in the framework of exact SU(3) symmetry, 
with mu = md = ms, it follows from (13) that 
(r2)Ko = (r2)Ko-Ko = 0. This fact can be tested 

1 2 

experimentally by means of the process of regen­
eration of K~ mesons in a beam of K~ mesons. [ 13 J 

The formulas (10) and (13) for the electromag­
netic radii of baryons and mesons have been de­
rived on the assumption that the quarks are point 
particles. It is easy, however, to extend them to 
the case in which the quarks have a structure of 
their own. Here we only point out that the last 
equations in (10) and (13) remain valid if the elec­
tromagnetic radii of u, d, and s quarks are 
equal. 

4. In addition to charge and magnetic moment, 
vector mesons can also have an electric quadru­
pole moment. In the present model the charge dis­
tribution is spherically symmetric, and therefore 
the "intrinsic" quadrupole moments of the mesons 
are zero. There can, however, be an observable 
quadrupole moment of a meson, caused by the rel­
ativistic ''trembling'' of the particle as a whole. 
We estimate its size in the following way. 

In a slowly varying electromagnetic field we 
can neglect effects of the structure of the particle 
and describe its behavior by means of a phenom­
enological relativistically invariant Lagrangian of 
local field theory. Moreover,we shall take the total 
magnetic moment p,V of the vector meson to be 
equal to the value obtained according to the quark 
model. It can be shown (cf., e.g., [ 14 J) that if a 
vector particle has an ''anomalous'' (in the usual 
field-theoretical sense) magnetic moment K, 

~tv= (e/2mv)(1+x), (14) 

then its electric quadrupole moment is given by 

e J.tv e 
Qv = ---2 x = -2-+--, (15) 

mv mv m.v2 

where e and my are the charge and mass of the 
vector meson. 

If, for example, we take for the p meson f.l (p +) 
= f.l(p) = 2. 79 e/2mp, then from (15) we get 

(16) 

In a similar way one can find the electric quadru­
pole moments of other vector mesons. 
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