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Abstract: Based on the branching fractions of J/{— VP from different experiments, we investigate the properties
of the coupling constants of J/{— VP decays using a model-dependent approach. We find that the octet coupling

constant, gg, of strong interaction is about twice larger than that of the singlet coupling constant g;; the electromag-

netic breaking parameters gl are larger than the mass breaking parameters gi;, moreover, the three parameters of

the electromagnetic effect are about equal, but the three parameters of the mass effect are obviously different and

their uncertainties are also large; and the phase angle between strong and electromagnetic interactions is in the range
of 70°-80°. It deepens our understanding of the coupling constant of J/{P— VP decays.
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1 Introduction

The J/1 decays play an important role in the under-
standing of low-energy hadron dynamics. A particular
advantage of these decays is that the initial state is a
very good approximation of a flavor-SU(3) singlet. In
order to estimate that SU(3) is an approximate symme-
try of low-energy hadron interactions, we need to study
in detail the information on the final-state particles of
J/ P decay.

The implication of SU(3) symmetry in J/{ decays
into mesons has been studied [1]. J/{ can decay into
a vector and a pseudoscalar mainly induced by three-
gluon annihilation and electromagnetic processes. How-
ever, these branching ratios are only of the order 103
since the hadronic decays of J/1 are suppressed by the
Okubo-Zweig-Tizuka (OZI) rule [2].

Based on the SU(3) symmetry, three quarks may
make up an octet and one singlet. Because the mass
of an s quark is larger than those of u and d quarks and
mixing in the mesons exists, it will cause SU(3) break-
ing and further create a physical nonet. The octet and
singlet are the eigenstates of the SU(3) group, however,
what we can observe in experiment is not SU(3) eigen-
states themselves, but their mixing. For example, for the
pseudoscalar mesons, if pseudoscalar glueballs and radi-
ally excited states are ignored and only quark states are
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considered, then the physical states nn and 7’ are related
to n® and n°, via the usual mixing formulas

n '\ _ [ costp —sindp n® (1)
n )\ sinfp cosfp n° )’

where 6p is the mixing angle between n® and n°. Simi-
larly, for the vector mesons ¢ and w, we have

¢\ [ costy —sinfy w? @)
w /] \ sinfy cosfy W )’

where 6y is the mixing angle between w® and w°.

For vector mesons, the mixing between w® and w?° is
basically an idea mixing, sinfy = \/1/_37 costly = /2/3,
i.e., 6y~35.3°, so in this case we have

1, _
cu:\/;uu—i—dcb7 P=|s3). (3)

However, for pseudoscalar mesons, it always brings peo-
ple great interest to discuss the mixing between 1% and
n° [3-10].

Combining the mixings in vector mesons and pseu-
doscalar mesons and considering the various mass effects
and electromagnetic effects, in this paper we shall ana-
lyze the properties of the coupling constants of J/{— VP
decay, which is very important to comprehend the break-
ing of SU(3) flavor symmetry.
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2 Phenomenological study on the decays
J/yp—VP

2.1 Effective Lagrangian of J/{— VP

For the two-body decays J/{—H;H,, where H; and
H, denote mesons, the most general interaction term in
an SU(3) invariant is [2]

Lint:¢(980a02+915152)7 (4)

where O and S denote an octet and a singlet, respec-
tively, and a sum over a=1,2,---,8 is implied.

The SU(3) symmetry in the nonet of pseudoscalar
meson is not strict, two types of SU(3) breaking should
be considered. The first one is induced by the different
mass of quarks, and the other one is the different charge
of quarks.

In our theoretical calculation, m,=mq is usually as-
sumed, but mg # myq, this difference of mass will cause
the breaking effect on SU(3) symmetry

%@nd—msmgq, (5)

1
=(2mq+m,) is the average

ma(tu+dd)+m.5s=moGq+

where ¢ = (u, d, s), mg =
quark mass, and Ag is the eighth of the Gell-Mann ma-
trices. The last term in Eq. (5) is the mass effects of
violating SU(3) invariance. We need to introduce a new
spurion M®=4%® to describe this SU(3) breaking term.

The electromagnetic effects violate SU(3) symmetry
since the photon coupling to quarks is proportional to
the electric charge

2 1- 1 1 1
gu’y#u—gd"yud—gsyus:gqyu (Ag‘i‘%)\g) q, (6)

where A3 and g denote the third and eighth Gell-Mann
matrices, respectively. It follows from Eq. (6) that the
electromagnetic breaking can be simulated by a spurion

1
:5a3+_5a8
V3

After the above two effects of SU(3) breaking are
considered, the effective Lagrangian of the J/{—H,H,
process can be written [2]

Leg = 77[’{980T03+9151SQ"'QsdachTO;’Og
a )b e 2 aMa
+gAfabCOlOQO3+ 5[0123010253

+01320?0352+0231030351+f515253]}' (7)

If the final states of J/\p—H;H, decays are a vector
and a pseudoscalar, the expression of the above effective

Lagrangian can be further written as
Lea = w{gst‘éaﬂLglPo%Jrgi‘? 0703 M;
OSSO, 68 O
><O‘;E§+\/g (9% OFE3S2 4917 O3 B35, | } (8)

in which gs and g; denote the coupling constants of the
octet and singlet, gi; and gi, are the coupling constants
of the mass breaking term and electromagnetic breaking
term, respectively, fa,. and d.;. coefficients are the anti-
symmetrical and symmetrical structure constants of the
SU(3) group.

2.2 Decay amplitude and width of J/1{ — VP
decays

The physical particles in corresponding to the pseu-
doscalar and vector mesons are

1
P, = ﬁ(ﬂ++ﬂ7),
P, = %(ﬂ*—ﬂ*%
P3 - 7-[07
P, = 7(K*—i—K ),
1
P = —(KT—K"),
VA
P. = — KO+K KO)
6 \/5( ) S
i —0
P = — KO K :iKOa
7 \/5( ) L
Py = n =ncosfp+n'sinfp,
Py = n?=—nsinfp+n'cosbp, (9)
and
1,
Vi = E(p +p7)s
i _
Vo = E(lﬁ—P )
‘/3 = p(),
V, = (K*++K* ),
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Vo = —(K*T—K*~
5 \/5( )
Ve = T(K*O‘f‘K "),
1 —x0
Vi = —=(K*°-K ),
7 \/5( )
Vi = ¢cosfy+wsinby,
Vo = —¢sinby+wcosby, (10)

then we calculate in detail the effective Lagrangian of

J/p—VP decays
PV = P'V'4 PV PPV PV POV POVO
+PTVT4+ P8V
=ntp 4+ pt4n’p’+ KT K*~
+K K4+ KK "+K K
+nwcoshpsinby+npcosfpcosby+n' wsinfpsinby,
+n' psinfpcosty, (11)

515, = P°V°=—nwsinfpcoshy +n¢sinfpsindy

+n' wecoshpcoshy —1n’ pcosbpsinby, (12)

dachTOSM:;: - dabgPaVb:d118P1V1—|—d228P2V2
+ds3s PPV 34+-dus PV +ds55 PPV®

+dsss POV +drrs PV +-dgss PPV

1 o,
= 7§[W+p +7 pt 4’

+— KtK*~+K K" +K°K"’
2v/3 [

+K'K )+ -1 [nwecoshpsiny

V3
+npcoshpcosty+n' wsinfpsinby,

+n' psinfpcosby], (13)

O*MZ2S, = P*V°=nwcosfpcosty —ngcoshpsinby

+n'wsindpcosy —n'¢sinbpsindy,  (14)

O3M2S, = P°V®=—nuwsinfpsinby —ng¢sinfpcosdy

+n'wcosbpsindy +1' pcosbpcoshy, (15)

dars P*V® = dsgs P*V +dg3s PPV +daus V!
.1 1
=TmTw 3Sln9v—|—7'[ 10) —cosGV
0 1 ’ 0 1 . 1 + k—
+np 1/ zcosbp+n'p /) =sinfp+-K"K
3 3 2
1 1. —w0o 1—
4K K——KK“--K°K*,  (16)
2 2 2
a C a 1 a
dabcOF O3 ES=d.p,3 P Vb‘i‘%dabsp VP, (17)
1
OrE3S, = PPV +—=P*V", (18)
P*V° = ni°(wcosfy —¢psinby)
_ \[ - \[ 0%, (19)
a a 1
O3E3S, = VP4V P! (20)
V3P = p°(—nsinfp+n'cosbp)
= —np°sinfp+n'p°coslp, (21)

therefore we obtain the coupling constants and their cor-
responding strengths of J/{ — PV decays given in Ta-
ble 1. It should be noted that our results are similar to
Ref. [2], but we distinguish in detail the different param-
eters of mass effect and electromagnetic effect.

The amplitude of J/1p— VP decays is

M= gyvp

p %o

},U/Po'plbgll)pvgv ? (22)

where gyvp is the coupling constant and its various ex-
pressions are tabulated in Table 1, so we have

28@,"'1 ZZMMT

Sy SV

2
_ 2|gleP|2 mlzb—l—m%,—m% —m2 m%,
3m2, 2 v

2 2 2
= §|ngp| b,

M[? =

(23)

in which p’ is the momenta of vector meson in the c.m.
frame, and can be denoted as

VI~ Grme?] [ =y —me)?]
2my, '

p=|pl= (24)
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The differential decay rate for J/1{p— VP can be writ-
ten as

1 p—=
dl'=——5|M|?df? 25
270 7z P2, (25)
so we have the total decay width
1 1 p* |9wVP|
I'= 2d2=- 26
J32 Zm |M| 3m3 4m (26)

3 Numerical analysis and discussions

In Table 1, we present the free parameters involved
in the decays J/{ —PV. In these parameters, ¢3¢, 31
and g;? denote the SU(3) mass breaking terms induced
by the different quark mass, g&°, ¢5! and gi® denote the
SU(3) electromagnetic terms induced by the different

quark electric charge. There is a phase angle, noted by

and denote the coupling constants of electromagnetic ef-
fect with gk, = |gk|e’®. Therefore there are eleven free
parameters in the decays J/{—PV, they are gs, g1, g5,
g5t aigs 1958, |68, |9sd], 0w, Op and Oy. For the sake
of simplicity, we shall take the following four cases to
analyze and discuss the properties of these parameters.
Case 1: Assuming gy =gy = 0if = 9, G =9 =
gt =gz, and taking the mixing between ¢ and w as idea
mixing, i.e., Oy ~35.3°. In this case, there are only six
parameters, they are gs, g1, gu, |gs|, 0g and 6p.

Case 1T: Assuming g% — g5 — g3 — gui, g3 = g3 =
& =gm, but taking the mixing angle 6y regard as free.
In this case, there are seven parameters which are gg, g,
9gu, |9z, O, Op, Oy respectively.

Case III: Assuming that the three parameters of mass
effects are not equal, and the three parameters of elec-
tromagnetic effects are not equal, either, they are all free
parameters, but taking 6y,~35.3°, then we shall have 10

dr, between electromagnetic and strong interaction. We  parameters: gs, g1, g5, g5, gie, 1958, |98, 92|, Om,
can take the coupling constants of the mass effect as real, and 6p.
Table 1. The coupling constants and their corresponding strengths of J/1{p—PV.
decay modes coupling constants and their corresponding strengths
Jb—PV 9s 2 I 9 9 95 g 95
ntp~ 1 0 ! 0 0 ! 0 0
p V3 3
npt 1 0 ! 0 0 ! 0 0
p V3 3
1 1
n0p0 1 0 — 0 0 - 0 0
p V3 3
_ -1 1
KTK* 1 0 — 0 0 — 0 0
2V/3 3
B —1 1
K-K*t 1 0 — 0 0 — 0 0
2v/3 3
077*0 -1 -2
K"K 1 0 — 0 0 — 0 0
2V3 3
-0 —1 —
K K*0 1 0 — 0 0 0 0
2v/3
1
mw 0 0 0 0 0 \/gsmev \/70059\/ 0
0 T 2
it 0 0 0 0 0 30050\/ gsm@v 0
o T 2,
ne 0 0 0 0 0 gcosep 0 - gsmﬁp
7,0 1 2
n'p 0 0 0 0 0 gsmﬁp 0 gCOSQp
w Opsind inf 0 -1 Opsind \/5 0 0 \/5'6 0 14th 1 15th 1 16th 1
COSs S1n! —Ss1n COS —=COS S 4/ —COS COSs —4/ — SIIN COs colu. — colu. — colu.
n psindy peosly  —zcosfpsinfly 3 pcosty 3Sinfpcosty o 7 7
no 0 6 infpsind ! 0 6 \/j psing \/5'0 inf 14th 1 15th 1 1Gth 1
cosfpcosfy sinfpsinfy ——=cosfpcosfy —4/ —cosOpsinfy —4/ —sinfpsindy, colu. colu. colu.
V3 3 3 V3 V3 V3
"w infpsind 0 0 _1'0'6 \/5'6 0 2 0 0 14th 1 15th 1 16th 1
S1n! S1n! COS COSs ——=SI1I Sin —S1n COSs —COS COS colu. colu. colu.
n P A% P v V3 P v 3 P v 3 P A% V3 V3 /3
o inf 6 psing 1'0 6 5'0'0 50'0 14th1 15thl 1Gthl
S1nd COs —COs| sin — —=S8I1n COs - —S1n sin —COS S1n — colu. — colu. — colu.
n pcosty psinfy — zsinfpcosfy 3 Smopsindy 3 psinfy NG NG
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Case IV: Assuming the three parameters of mass ef-
fects are not equal, and the three parameters of electro-
magnetic effects are not equal, either, further taking the
mixing angle 6y as free, then all of the eleven parameters
are free.

For the latter two cases, we have to request more ex-
perimental information to analyze them due to too many
parameters.

The experimental results for the decays J/1b—PV are
mainly from Mark-III [11], DM2 [12] and BES [13, 14],
which are shown in Table 2. The last column in this
table is the latest world average in 2012 [1]. To clarify
the results obtained from different data sets, we divided
them into three subsections to investigate the properties
of the coupling constants of the decays J/{—PV.

3.1 Analysis of J/{p — VP from Mark-III, DM2
and PDG2012 data in Case I

First, we consider the simplest case, i.e., Case . In
Ref. [15], the pseudoscalar mixing in J/1 and P(25)
decays has been analyzed, which shows n flavors only
consist of light quarks and 7’ has a room for gluonium
admixture. However, in this paper we shall only con-
sider their quark content in order to analyze the prop-
erties of coupling constants from SU(3) breaking. The
fit results are given in Table 3. From this table, we can
obtain the following results: (i) the coupling constant
of the octet strong interaction, gs, is about twice larger
than that one of the singlet, g;; (ii) the SU(3) break-
ing coupling constant from the electromagnetic effect is
large, about the same order of gs and g;, however, the
SU(3) breaking coupling constant from the mass effect
is rather small, about one order smaller than those of gs
and g;, moreover its uncertainty is also very large; (iii)
the phase angle between strong and electromagnetic in-

teractions is about —m; (iv) the mixing angle in 7 and
7', Op, is about —20°, which is consistent with the rea-
sonable range —20° ~—10° [16]; and (v) compared with
the results of Mark-III and DM2 data, the quality of the

fit to PDG2012 data is very large.

3.2  Analysis of J/{p — VP from Mark-IlI, DM2
and PDG2012 data in Case II

Next, we consider Case II, i.e., the w-¢ mixing angle
is left as a free parameter. The fit results are listed in
Table 4. From this table, we can see that the results of
this case are similar to those of Case I only, but the fit
results to MarklIl data, 8p = —15.242.93 are obviously
different from those of Case 1. The table shows that
the mixing in w and ¢ is basically an idea mixing.

3.3 Analysis of the branching ratios of J/{ —
VP in Case Il and IV

Finally, we consider the latter two cases. There are

10 and 11 free parameters in Case III and IV, respec-
tively. Because each of the experimental results are not
sufficient do a reasonable fit for 10 or 11 free param-
eters in these two cases, we try to figure out these free
parameters by combining the data from the different col-
laborations. Such as for Case III, the results of fit from
Mark-III+BES data can be written as

gs=(6.57+0.16)x 10,

gl—(3 1440.15)x 1072,
=(18.1£4.01)x10~*,
=(5.78+4.20)x10~*,

gis _(3 2340.21)x 107, (27)
1938 =(1.73+0.22) x 10~%,
g5t =(2.740.20) x 102,
95| =(2.18+0.15)x 102,

0p=69.54+12.6, 0p=-—19.01+3.44.

We can see that (i) the coupling constants of strong in-
teraction, gs and g;, are basically consistent with those
of Case 1 and Case II; (ii)the difference of three cou-
pling constants of electromagnetic effect is not obvious,
but three coupling constants of the mass effect have a
rather large difference. Moreover their uncertainties are
rather large; and (iii) the quality of the fit in this case
is very large, it is a possible reason for dealing with it
together with the data from the different collaborations.

For Case IV, the results of fit from Mark-III and BES
data are

(6.5740.16)x 107,
(3.0540.15)x 10,
(18.743.30)x 1074,
g =(11.0+1.47)x107*,
918 =(7.00-£0.68)x 10,

)

)

)

(
( (28)
1958 |=(1.81£0.22) x 10 %,
=

g8} =(2.70£0.20) x 102,

|g5¥| =(2.14£0.15) x 103,
55 =78.042.56, fp=—18.0+0.53,
0y =35.9+1.47, x2/d.0.f=36.1/5.

This case is similar to Case III. The difference of three
coupling constants of electromagnetic effect is still not
obvious, three coupling constants of the mass effect have
a rather large difference, and at the same time, the phase
angle between strong and electromagnetic interactions is
slightly large.

The results of fit from DM2+BES combination and
Mark-ITlI+DM2 combination, are similar to those of
Mark-1II4+BES. Their numerical results are not given in-
dividually.
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Table 2. The branching fractions of J/{—VP from Mark-1II, DM2, BES and PDG2012 (x107%).

decay modes Mark-II1 DM2 BES PDG2012
pTt 14.240.1+1.9 13.242.0 21.840.05£2.01 16.9+1.5
pn 0.19340.01340.029 0.19440.01740.029 0.19340.023
on’ 0.11440.014+£0.016 0.083+0.030+£0.012 0.105+0.018
¢ <0.0068 <0.0064 <0.0064
én 0.661+0.045+0.078 0.64+0.04+0.11 0.898+0.02440.089 0.75£0.08
on’ 0.308+0.034+£0.036 0.41£0.03£0.08 0.546+0.031+0.056 0.40+0.07
wTt 0.48240.019+0.064 0.36040.0284+0.054 0.538+0.012+0.065 0.45+0.05
wn 1.714+0.08+0.20 1.434+0.10+0.21 2.35240.273 1.7440.20
wn’ 0.166::0.01740.019 0.1879-1040.03 0.226:£0.043 0.182:£0.021

K*~Kt+c.c. 5.26+0.13£0.53 4.57+0.17£0.70 5.12£0.30

K*OK04c.c. 4.334+0.1240.45 3.96+0.15+0.60 4.39£0.31

Table 3. The fit results to Marklll, DM2 and
PDG2012 data in Case 1.

parameter Mark-1II DM2 PDG2012
gs (x1073) 5.89+0.18 5.57+0.22 5.9840.13
g1 (x1073) 2.7240.20 3.1240.40 2.77+0.26
gm (x107%) 8.0843.21 5.84+4.22 9.4442.72
lge| (x1073) 2.114-0.10 1.9540.11 2.064-0.08

SE 71.4+11.5 74.9417.0 75.8+£6.87

Op —19.5+1.52 —20.0+0.68 —19.0£1.59

x?/d.o.f 7.19/4 3.63/4 19.4/4

Table 4. The fit results to Mark-III, DM2 and
PDG2012 data in Case II.

parameter Mark-I11 DM2 PDG2012
gs (x1073) 5.8740.18 5.5740.22 5.99+0.13
g1 (x1073) 2.84+0.21 3.1240.42 2.8440.29
gm (x107%) 5.7543.40 5.884+4.84 8.424+3.32
lge| (x1073) 2.154-0.10 1.9440.12 2.074:0.08
SE 7174111 74.9416.9 76.046.81
0p —15.242.93  —20.14+5.06  —17.842.68
Oy 41.743.65 35.447.27 37.543.42
x2/d.o.f 4.95/3 3.63/3 19.2/3

4 Conclusions

Based on the general phenomenological model, we

have studied the properties of the coupling constants of
the decays J/{— VP. Considering the experimental data
of Mark-III, DM2 and BES Collaborations and the world
average in 2012 for J/{ — VP decays, we can find that
(i) the octet coupling constant of strong interaction gs is
about twice larger than that of the singlet coupling con-
stant g;; (ii) the electromagnetic breaking terms g, are
larger, about the same order of gg and ¢, the difference
of three coupling constants gL, isn’t obvious, then it is ap-
propriate that we take them as equal in Case 1 and II;
(iii) the SU(3) breaking coupling constant from the mass
effect is rather small, about one order smaller than those
of gs and g;. Moreover, its uncertainty is quite large. It
is a very strong assumption that we take them as equal in
Case 1 and II; (iv) the phase angle between strong and
electromagnetic interactions is about the range of 70°—
80°; (v) the mixing angle in n and 7', 6p, is about the
range of —15°-—20°, which is consistent with the reason-
able range usually considered; (vi) the mixing angle 6
is about the rang of 35°-37°. It means the ¢p—w mixing
is basically an idea mixing. Therefore in the breaking
of SU(3) favor symmetry, the electromagnetic effects are
large, moreover the mass effects are comparatively small,
which provides useful information for comprehending the
breaking of SU(3) flavor symmetry.
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