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Partial widths of strong and electromagnetic decays of mesons are calculated within the framework of
Schwinger’s field theory of matter. Results are consistent with present experimental data. The model re-
quires a two-photon—pseudoscalar-meson interaction and a direct four-pseudoscalar-meson interaction.
The former is shown to be consistent with the = — yete™ form factor. The latter explains the § —n=r and
n — 77°r decays, and the coupling constant also agrees with the == S-wave coupling constant. Some
justification in terms of the heavy scalar-meson nonet is given for the four-meson interaction.

INCE decay rates and branching ratios comprise

most of the accessible experimental data, they have
been subjected to intensive study. In particular, they
serve as a check for various unitary-symmetry models.
In this paper, we report some calculations using
Schwinger’s field theory of matter.! With the introduc-
tion of some new interactions, we obtain strong and
electromagnetic decay rates for all mesons, which are
consistent with experiment. In particular, we are able
to describe the n— 37 decay modes, their branching
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in which & is identified as the 960-MeV meson and C;
and C, are constants with dimension of inverse mass
squared. A more precise version is obtained by replacing
2712 by 0.7050+0.058¢ wherever w appears.

The couplings between these two fields are given by

Loa= guar TrUM1/2i) (@ —B\d) 3)

4)

The coupling constants are estimated to be (gue?)?/4m
=4.6+0.5 and (geym,)¥/4r=5.941.7.! The relevant
terms in the following calculation are
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ratios relative to other modes, and the #° energy
spectrum. There seems to be no need for the assumption
of the existence of a low-mass scalar meson? to enhance,
or a new quantum number® to suppress, certain decay
modes.

In Schwinger’s field theory of matter, mesons are
constructed from the fundamental field ¢¥. In matrix
form, the vector mesons and the pseudoscalar mesons
are, respectively,

ot K*+
27112042112, K*"} M
K* ¢
at K+
imtintys KO, @
Ko _ 21/2TI+ 212§
and
Lav*= gav 58 (wwtpp)+ 31 (wwtpp)
—+ 21247 pe- 21 20K K+ 212K K*w
— 22 K¥ K —212KtK*p].  (6)

All strong decay properties can be calculated from (5)
and (6).

The electromagnetic field interacts with the charge
current of the fundamental field in the form 4 ,[Yry*¢:
+i(V1#V,1—V,1V1*)], ¢1 and V; being the charged
components of ¢ and V. If gry#py or i (V1 V,1— V1V 1#)
(or the combination) is identified as U*, then the
interaction becomes

La=AA 2712 (wk—p"%). (7)

The electromagnetic interaction of the strongly
interacting particles can be viewed as a two-step
process : a strong interaction with p° or « following by o°
or » going into a photon. The p° and « intermediate
states serve as a crude model for form factors. The value
of A\ is fixed by the requirement that a real photon
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coupled to a conserved current through (7) should
reduce to a simple electromagnetic interaction. Hence

(1/4m)[(guen)/ (2m,?) J=€/4r=a. ©)

With (6), (7), and (8), a number of radiative decays
can be estimated; for example, w — 74y with w— p°
+7 and p* — v, or § — 747+~ with § — p°+p° and
P — 7, p0— wH .

While the identification of the particles is unique in
the first-order electromagnetic interaction, the iden-
tification may not be unique in second order. This
suggests the additional interaction

L4’ = (k/mx)Pr1€prxFHFME
= (k/mz) (— 27200439+ 30) teunxFFE - (9)

which contributes only to the two-phonon process.
Using the recently measured mean lifetime of =9,
1.05X 1071% gec,* we obtain k= —1.5a with « being the
fine-structure constant. k is negative in order to give
the correct cancellation to the contribution from the
process m — w-p and p — v, w — v which alone would
predict too small a lifetime for #% The same cancellation
occurs for n — 2y and § — 2. The interaction (9) can be
considered as a high-mass contribution to the electro-
magnetic form factor for the two-photon process in
addition to that given by p° and w.5 Some experimental
data for the form factor is available through the
process w° — y+et+e~. For small ¢?, the form factor
can be approximated by

G(¢")=G(0)(14ag?/m4*), (10)

where ¢*= (p,+p-)? is the invariant energy of the
Dalitz pair (et,e~). Since the range of ¢? is small and the
spectrum is highly peaked at low ¢?, the determination
of @ is very crude but indicates®”

a=—0.24+0.16, a=-—0.30=+0.2.

Our model gives a=—0.14 in agreement with these
measurements.

Recently, a 960-MeV TJ¢P=00—+ meson has been
observed®? and identified as a § meson by Schwinger.!
Experiments show that & has two major decay modes
8 — n+m+m and 6§ — wt47r+v with branching ratio®

IT'(¢— rr+r+7)
r@¢— ar+7+n)

There is some evidence that § — p+#t+47— is accom-
panied by a comparable amount of § — 7%+#x%47 decay.
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The interaction is strong. The Dalitz-Fabbri plot is
consistent with that of the phase space alone. Such
characteristic properties strongly suggest a possible
structureless  four-pseudoscalar-meson interaction.
Within unitary symmetry, such an interaction can take
on the form

Lor= [ Tr(2ddP)
= fU& (7 )2+ 305 (7m) +30% (77) + (KK) (77)
+5(0+n)rKIK+ (KK 3 (" +8) KK
+3(nt+o)+i(n—0)]. (11)

For the time being, we take this as an assumption. The
coupling constant f is a dimensionless real number and
is taken to be positive. fmay be estimated by the known
branching ratio

T — 7t+r+7)
T — 4oy

We obtain f?/4r=0.624+0.36 and f=2.940.9. The
mr S-wave effective coupling constant A is defined by

3= —A4r\ (7r)2=—

In terms of f,A\=— (1/4x) (3f)=—0.1320.05 which is
in agreement with the best known value!® —0.184-0.05
with the sign correctly chosen.

Another possible interaction involving four mesons is
n— 3. This decay has been of particular theoretical
interest. Several models have been proposed to explain
the branching ratios and the energy spectrum.'' All
these features can be accommodated in our model
with no additional free parameters. The electromagnetic
nature of the decay is realized by introducing an
electromagnetic mixing term into the Lagrangian

Lo=h (‘P‘I’) 1= h[% (1'r7r) — 2712 (8—|—77)7r°
+i@+n)*+KK-]. (12)

We can consider this mixing term to come from the
nonvanishing vacuum expectation value of the scalar-
meson field, (S11), in the interaction Tr(®®S). This
so-called tadpole-dominance picture has been used by
Coleman and Glashow to calculate electromagnetic
mass differences.’? According to these authors, tadpole
and nontadpole contributions are distinct; thus, the
total mass difference should be the sum of both. % can
be estimated by the mass difference of the K meson.
h=mg?—mg+Amgy?, where Amgy® is the nontad-
pole contribution which we calculate to be 2200 (MeV)?,
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assuming a one-photon and one-K-meson intermediate
state with p° and w mesons as form factor according to
the picture prescribed above. We get %/mx*=0.026.

The similarity of the structure of vector meson and
pseudoscalar meson as seen from the fundamental
field and the empirical relation mg«®—m,2=mg?—m*
enables us to infer that the symmetry-breaking coeffi-
cients must be equal for both cases.! Hence we obtain
the electromagnetic mixing for vector mesons

Lo=h(UrU )= h[3pp— p’w+K**K*]. (13)

The processes w — p®— 27 and w— v — p"—27 give
a partial width of 0.08 MeV to w — 27 decay.

The 37 decay of 5 is then considered to be a combina-
tion of electromagnetic mixing and a four-meson
interaction. The possible processes are

n—w+r+68, o&—a,

= atrty, n—>a°,

n— 70, 0 — 7747 in S wave,
and

n—> 10— rE4pT, pF - 04T in P wave.

There is no P-wave contribution in the neutral modes.
The decay rate of n — #t-4n~+=0 is given by

w=(f2\

h2 (my—mx)y
— / ds b
4r/ 82 (g2 —Mx®) J tmya

ImP—mLA\? guaf 3 maP—m,’
gy )

2 mg—my2 2f 2 mg2—my2
D))
2b c—b 4f
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where s= (py+p_)*= (my—maz)2—2m,To, To being the
kinetic energy of the neutral pion, and

(c+a)?  (3c—a)
X |:1 - 1
2(c2—0%)  4bc

a(s)=3s—m—3m.2,
c(8)=s+2m2—m2—3m.2,
and
b(s)={L(mytma)— sL(my—ma)*— sILS—4ms*]/s}1*

in the phase-space density.

The first, second, and third terms in expression (14)
correspond to the S-wave, S-P-wave-interference, and
P-wave contributions, respectively. While the P-wave
contribution is negligible, the S-P-wave interference
gives the correct asymmetry with f being positive. The
calculated spectrum is plotted against three sets of
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Fi16. 1. Kinetic-energy spectrum of #° in 5 — afr2® decay.

experimental data® in Fig. 1; each is normalized to
unit area.

The results of the calculation are summarized in
Table I. Among these partial widths, four have been
chosen from experiment to determine the coupling
constants gus, gav?, f, and k. We have not included
errors in these numbers since the errors are large,
strongly correlated, and thus very misleading in the
sense that on taking a ratio of any two numbers,
cancellation of errors may occur, and in practice,
branching ratios are the basic quantities in many
experiments. Experimental data mostly compiled by
Rosenfeld et al.1* are shown next to the calculated values
as reference. Since inconsistencies have been noted
among experiments, for fair comparison one should refer
to original measurements. A few decays are still subject
to experimental verification.

Since we base our estimate of the coupling constants
on particular processes, some of which are not very
accurately known, we should not overemphasize the
quantitative agreement with experiments; however, we
are encouraged by the qualitative consistency. In
addition to Schwinger’s field theory of matter, we have
made a crucial assumption concerning the existence of a
four-pseudoscalar-meson direct interaction. Such an
interaction may indeed occur directly in nature or be
mediated by heavy particles. Phenomenologically a
unitary nonuplet of scalar mesons may be used to
obtain symmetry-breaking interactions through the
Lagrangian

Ls91=G Tr(2S) (15)

with nonvanishing vacuum expectation values of (Sss),
(S11), (Ses), and (Ss2). One reason that such mesons
have not been observed may be that the masses are
relatively heavy compared with the available machine
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(1963) ; M. Peters et al., Phys. Rev. 138, B652 (1965).
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versity of California Report UCRL-8030, Part I, 1965 edition
(unpublished).
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Tasre I. Widths of meson decays.

Calculation Experiment
Partial modes T' (total) Fraction (%) T (total) Fraction (%)
0 vy 6.62 eV 6.5 eVa 98.8 6.5 eV* 98.8
yete™ 0.12 eV 1.2 1.194-0.05
7 1% 1.4 keV 0.475 keV 33.8 <10 MeV 38.6 +3.8
woyy 0.034 keV 2.4
370 0.445 keV 31.7 30.8 +3.2
wtr~a® 0.312 keV 22.2 25.0 £2.2
wtrTy 0.140 keV 9.9 5.5 1.7
b 70 ~1.5 MeV 0.350 MeV <4 MeV INCYar o)
natr 0.660 MeV ———=0.2540.14=
yrtr+vp 0.165 MeV T (yrtz™)
yrtra'+yow 0.155 MeV
P T 111 MeV 110 MeVe 99.1 112 4 MeV
Ty 1.0 MeV 0.9 1.65 MeV?
2 atr a0 9.4 MeV 8.1 MeVe 86.2 9.31.7 MeV 89
aly 1.06 MeV 11.3 10 +1
atr Ty 0.15 MeV 1.6 <3.2+1
T 0.08 MeV 0.8 1
¢ KK, 3.47 MeV 0.96 MeV 28 3.1+0.6 MeV 1.08 MeV 35 +6
KK~ 1.51 MeV 43.5 1.55 MeV 50 +6
wp+3r 1.00 MeV 29.5 0.46 MeV 15 &7
K* Kt (K*g0 33.3 MeV 11.65 MeV 50 +£3 MeV
Kor+ 20.5 MeV
Kty 1.14 MeV
KR (K+p— 34.45 MeV 23.05 MeV
Kor® 11.4

= Input of the calculation.
b H, R. Crouch et al., Phys. Rev. Letters 13, 640 (1964).

energy. If such is indeed the case, then an effective
four-meson interaction may result from the elimination
of the scalar-meson intermediate state. Assuming that
the splitting of the scalar-meson masses is small
compared with their common mass if they are not
degenerate, then the Green’s function is approximately
given by
<SabSca>z6adabc/mx2

and the effective Lagrangian becomes
Lott= (G2/2m2)Tr (dDDP) (16)

with G?/2m,? identified as f which must indeed be
positive.

If we take this argument seriously, we realize we
should treat separately the singlet interaction as well.
The actual Lagrangian is not (15) but

£592=G[Tr(®®S)+~ Trd Trd TrS
+B8Trd Tr(®S)]. (17)

From this Lagrangian follows the same mass formula
and mixing as that obtained by Schwinger.! In terms of
A\, A, and « defined by him,

G=N/(Sss), 7=FN/N—(2/9)(e—1),
B=%(a—1),

where a is the overlapping factor 0<a< 1. To produce
the correct mass formula, |«| is chosen to be 0.53 and
then y=0.64, 8= —0.313.

The effective Lagrangian in this case is

Lott’ = (G*/2m2)[ Tr (dddP) 28 Tr (ddP) Trd
+ (2y--B) Tt (&) Trd Trd

+ (3v*+2yB8)Trd Trd Trd Trd]. (18)
The relevant term used in this paper is given by
Lett' = f[5 (71)2+2.598 (7m) +1.34n%(Fm)+-- - ].  (19)

This Lagrangian differs from that of (11) only slightly.
With (19), we obtain f2/4r=0.8940.60 and A= —0.155
+0.05. The same calculation has been repeated for the
n— 3w decay. Since the differences are small within
the crudeness of the calculation, we shall not present
them as separate results. It suffices to mention that
they show small improvement but are by no means
decisive.
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