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One of the important problems in physics
is to relate the masses and quantum num-
bers of elementary particles. There are
many approaches to the problem from group
theoretical? or composite models.? We
expect that it may be possible to relate
masses to quantum numbers by a (yet un-
known) dynamical mechanism with con-
structive force different from interactive
one.® In this note we propose an empiri-
cal mass formula for mesons. The relevant
formula is required to give a deep insight
into dynamical origin of masses and should
be suitable for overall fittings if possible.
Taking into account this requirement, in

*) The constructive force means the one
which works in internal spaces of particles and
constructs masses of particles. The interactive
force is an origin of interactions between par-
ticles.

our formula we will choose a small num-
ber of parameters and make coeflicients of
quantum numbers rational numbers. We
can apply the formula to most of the me-
son particles listed in Ref. 4).¥

Our empirical mass formula for mesons
is
Me%(JP, Y’=IY|, T)

=c¢;+e[JT+1D)+Y (Y +1)
—6T(T+D]1+iJ(J+D), @

where M,; denotes eigenvalues of mass ope-
rator and J is spin, P parity, Y hypercharge
and T isospin of particles respectively, and
¢, ¢y are parameters. We will apply for-
mula (1) to mesons which have JZ=0*,1*,
2*, T=%41,0 and Y=+41,0. From (1),
the mass relation for a multiplet with the
same spin-parity J* (we call this multiplet
a spin-multiplet) is

12Mezl (J:s‘ly %) —2'5M°% (J:’ 0’ 1)
=9.5M3(J*,0,0), @

\‘é.f., the SU(3) mass formﬁla for mesons is

M*=A+B[T(T+1)—-1Y"],

*) We make some remarks: E meson has
probably JP=0- -but an assignment JP=1* is
not excluded and M3, =3(M% . +M3 x).
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Table I. Comparison of mass relation (2) with experimental data.® Here the fourth column gives
outputs. Parentheses in the fourth column represent values from SU(3) mass relations.

M Meur L Ma(JP, 0, 1) Mt (J?, 0, 0) Experiments
o- Mg2=0.246(GeV)?2 | M,2=0.019 0.306 M,2=0.301
(0.322) M}(xa)= 0.917
M3E+=0.79640.045 | M,2=0.585-:0.095 0.852 M 42=1.039-:0.004
1- (0.866) M ,2=0.614-0.009
$(M2+M,» =0.827
M2 o 1.985:0.135 | M2 = 1.69 2.063 M. }, =2.29-:0.11
2+ (2.083) M ;?*=1.60=+0.19
$(M2 +M %)=1945
o M3, =1166 M;?=0933 1.227 Mg=113+009
(1-244) Mo-z(e) =0.5
M% = 1.544-0.08 M2 = 1.144-0.10 1.645 (1.673) Mp2=1.660.04
L =1.77+0.09 » 1.936 (1.980) Mg2=2.0220.10
+ O QP pio LSRRI NS
M3, =154:008 | Mz*=153:0.13 1.543 (1.543) )
=1.770.09 ” 1.833 (1.850) )
o M 1 =3152:0.14 | M2, ,,,=2.67 3.276 )
=+0.15 (3.310)
ie., 2*] which contains well-established spin-
AM2(J*, 1, 3) —M2(J*,0,1) multiplets fits the formula better than [0,
sty sV 1 +, 2_] .
=3M*(J*,0,0). ©) (C) There is a common term, iJ(J+1),

Results from formula (2) are shown in
Table I. '
Formula (2) for respective spin-multiplet
is in agreement with the experimental data.
Next we group mesons into two multi-
plets (we call it empirical super-multiplet)
in which several spin-multiplets with dif-
ferent spin-parity are contained, and apply
formula (1) to respective empirical super-
multiplet. Here we choose [07,1-,2"] and
[0*,1%,2"] as two empirical super-multi-
plets. Results from formula (1) are shown
in Tables II-(a) and II-(b).
Characteristic features of overall fittings
of (1) are as follows:
(A) We can get overall fittings of two em-
pirical supermultiplets by two parameters.
(B) The empirical super-multiplet [0-, 1,

in formula (1).
(D) As experimental data for mesons hav-
ing JF=1*, there seems to exist two groups
One group includes lighter K,, A; and D
mesons and the other heavier K, and B
mesons. Our formula (1) for given values
of ¢; and ¢, may represent the second group.
(E) A mean (mass)? difference between [0-,
1-,2*] and [0%,1%,2"] is 0.921(GeV)? be-
cause the respective values of ¢, for [0-,
1-,2%] and [0*, 1%, 2"] are almost the same.
Two simple results (A) and (E) cannot
be easily understood for the SU(6) mass
formula®

*) This does not mean that SU(6) symmetry
is wrong, because in SU(6) symmetry the for-
mula (4) is not the most general mass formula
and there is no such classification as [0-, 1-, 2*]
and [0%, 1%, 2']/.
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Table II. Comparison of formula (1) with experimental data. Here M2 means predicted mass

values.
@) [0, 17, 2+] ¢1=0.306(GeV)? ¢;=0.024(GeV)?
JP Y’=|Y| T MZ%(GeV)? M? experiment
0" 1 3 0.246 (input) Mg?=0.246
0 1 0.019 (input) M,2=0.019
0 0 0.306 M,2=0.301
1- 1 1 0.794 M2+=0.796-0.045
0 1 0.567 M ,?=0.585--0.095
0 0 0.854 $ (M g2+ M%) =0.827
2+ 1 3 1.889 Mz v =1.985:0.135
0 1 1.662 M?%,=1.69
0 0 1.949 (M2 + M2 =1945
(b) [0*, 1+, 27] ¢;=1.227(GeV)?2 ¢;=0.025(GeV)?
JP Y'=|Y| T ]\4921 (GeV) 2 M? experiment
o+ 1 % 1.166 (input) M%, =1.166
0 1 0.933 (input) M,2=0.933
0 0 1.227 ’ Mg.=1.13+0.09
1+ Mg =1.5440.08 or
1 K A
i 1715 1.7740.09
M3 =1.14-0.10,
0 ! ’
1 1482 M 5?=1.53+0.13
0 0 1.776 M p?=1.660.04
2" 1 3 2.813 Mz - (0=3150.14
0 1 2.580 M? 4,)=2.670.15
0 0 2.874 ?

M?=a+b[T(T+1) —1Y?]+cJ(J+1).
@
Further
(F) Since we get ¢, ([0*,1%,27]) —¢; ([0,
1-,2%]) =0.921(GeV)®? and on the other
hand an experimental value of mean (mass)®
of [0-,1-,2%] is 0.919(GeV)? we think
that these values ~0.9(GeV)? may repre-
sent a global structure of meson mass spec-
trum.®
Though we applied formula (1) to [0-,

*) On the other hand, fine structures of mas-
ses are already pointed out, for example, by
Nambu and Takabayasi.®

1-,2*] and [0%*,1%,2-], taking the same
parameters within respective empirical su-
per-multiplets, we do not know a theory
which derives these classifications of me-
sons. It is not always necessary to insist
on this classification. For example, it may
be possible to classify such as [0-,17],
[2*, -1, - and [0*,1*], [2-, ], =-. In
this case, however, we cannot include g
meson (JP=1-,3", .- with 3~ favored) in
[2*, -] or [27, --].

We do not yet derive the mass formula
theoretically, but anticipate that formula
(1) will be derived from an internal me-
chanism of particles and, moreover, the se-
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cond and third terms of formula (1) cor-
respond to an anharmonic oscillator and a
rotator® respectively.

The author wishes to express his sincere
thanks to Dr. A. Toda for reading the
manuscript.
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