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A note on the mass splitting of K*(892)"
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Abstract Belle Collaboration reported a new observed value of K*~(892) mass by studying 1~ — Ksn™ v+
decay, which is significantly different from the current world average value given by Particle Data Group 2006.
Motivated by this new data, we revisit the issue on the K*°(892) — K**(892) mass splitting. Our theoretical
estimation favors the new measurement by Belle Collaboration. Therefore further experimental efforts are

urgently needed to improve our understanding of these issues.
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1 Introduction

The problem of the mass splitting between the
neutral K*(892) (i.e. K*° or K*°) and the charged
K*(892) (i.e. K**) has a long history. Experimen-
tally, given by Particle Data Group 2006, one has

M0 — M+ =6.7+£1.2 MeV. (1)

On the other hand, using the observed values of K*°
and K** masses shown in Ref. [1],

mg-o = 896.00+0.25 MeV, (2)
my-~+ = 891.66+0.26 MeV, (3)

we obtain
Mg+0 — M+ =4.34+0.36 MeV, (4)

with smaller central value and less uncertainty by
contrast with Eq. (1). As a conservative estimation,
we may thus obtain the experimental value of the
mass splitting of K*-mesons, denoted by “expt”, as

(Migx0 — Mt expr ~ 4 to 8 MeV. (5)

It is well known that, for SU(3) flavor multiplets
of hadrons, the mass splittings between their isospin
components are caused by two effects: (i) m, # mq
(inequality of u-d quark masses); (ii) the electro-
magnetic interactions inside hadrons. Consequently,
the observed mass splitting of K*-mesons can be ex-
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pressed as follows

(mK*O —mK*i)CXpt = (mK*o — mK*i)Ql\/[ +
(mK*O —mK*i)EM, (6)

where the subscript QM denotes the contribution due
to u-d quark mass difference; EM denotes the one due
to electromagnetic interaction, so the second term on
the right side of the above equation is called EM-mass
difference. Note that these two parts contributions
(QM and EM) cannot be measured directly, theoret-
ical calculations for them are therefore necessary.

Usually, the EM-masses of neutral hadrons are
smaller than those of their charged partners. For in-
stance, the EM-masses of neutron, 7°, and K°(K°)
are smaller than the EM-masses of proton, n*, and
K= respectively. Thus it is reasonable to assume
that

(M=o —Migcs= Jpm < 0, (7)

which leads to
(mK*O —mK*i)Cxpt < (mK*o —mK*i)QM. (8)

This implies that, from Eq. (5), a relative large con-
tribution to (mg«o —my«+)qum is required.

Very recently, Belle Collaboration reported a new
measurement of K*7(892) mass by studying 7= —
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Kt v, decay[S]
my-— = 895.47+0.20(Stat.) £0.44(Syst.) £
0.59(Mod.) MeV, 9)

which is significantly different from the current world
average value in Ref. [1]. This will give (here we as-
sume that the neutral K* mass remains unchanged),

(M0 — Mo epe = 0.53+0.80 MeV, (10)

which is quite a small value. If the Belle data are con-
firmed, there would obviously exist some discrepancy
between (10) and (5). In order to clarify this discrep-
ancy, experimentally, it is urgent to confirm or rule
out the Belle result (9); and also it is important to
carry out a new measurement of the neutral K* mass.
Meanwhile, further theoretical investigations on this
issue will be very helpful.

Unfortunately, it is still an open question to cal-
culate the mass splittings of the low-lying mesons
from the first principle of quantum chromodynam-
ics (QCD) due to the non-perturbative feature of
QCD. Therefore, at the present stage, one gener-
ally appeals to the low energy effective models in-
spired by QCD. For our purpose, in order to get a
consistent evaluation, then to understand the above
possible discrepancy, one should adopt the theoreti-
cal framework in which both (mx«o —mg«+)qm and
(myxo — my«+)gm can be computed systematically.
Our previous studies™ 7, in the framework of chiral
constituent quark model, have done such a job al-
ready. Actually our analysis!” favors a small value of
the K*(892) mass splitting, which is consistent with
Eq. (10). The purpose of the present note is to make
this point more clear.

2 Model estimation

Chiral constituent quark model (ChQM) is devel-
oped by Manohar and Georgi!®, and the vector me-
son (w-meson) is firstly introduced into this model
in Ref. [9] to study quark spin contents using the
chiral soliton approach. The author of Ref. [10] fur-
ther extended it by including the low-lying 1~ (vector)
and 1% (axial-vector) mesons. This model has been
investigated extensively™ ™ '''*! and its theoretical
results agree well with the data. The electromag-
netic interaction of mesons in ChQM has been well
established via vector meson dominance, which makes
it possible to evaluate the EM-masses of low-lying
mesons in this framework!.

In Ref. [7], the mass splittings of vector mesons
generated from the quark mass effect in ChQM have
been derived at the leading order in quark mass ex-
pansion, and the explicit mass formulae for the K*-

mesons have been obtained, as shown in Egs. (19)
and (20) of the paper. By making a reasonable ap-
proximation in numerology, it has been found that

My Mg — My

- 4292 m

~
~

(mq—my).

(11)
As pointed out in Ref. [10], a typical scale or cutoff A,
which is reflected by an intrinsic parameter g of the
model, has been introduced. The value of the quark
mass parameters, which is actually scale dependent,
should thus be evaluated at this scale. From p° —w
mixing, the author of Ref. [7] further determined
(similar studies have been done in Refs. [14, 15])

Mg —my =6.14+0.36 MeV. (12)

N =

(mK*O — Mg+ )QM

Consequently, we get!™ ¢

(M=o — Mxcet Y = 3.07+0.18 MeV. (13)

This indicates inequality (8) may not hold for (5);
however, it is of no problem for (10). It will be shown
below that, when we include the EM-masses contri-
butions, the situation for (5) will be much worse.

In Ref. [4], the electromagnetic mass splittings of
7, K, a;, K;, and K*(892) have been calculated to
one-loop order and O(agy), which gives

(Mo — Mgt Jpy = —1.76£0.53 MeV.  (14)

Here we have corrected a sign error for the EM-masses
of the vector and axial-vector mesons obtained in
Ref. [4] (note that there is no sign error in the case of
pseudoscalar mesons), which has been firstly pointed
out in Ref. [17]. On the other hand, according to
Ref. [10], the large N¢ expansion plays an important
role in this theory. Model consistency and the phe-
nomenologically successful predictions of the leading
order evaluation, as shown in Refs. [4, 7, 10—15], lead
us to the reasonable expectation that the theoretical
uncertainty from high order corrections cannot ex-
ceed ~ 30%, and so we can conservatively estimate
the theoretical error in Eq. (14).

Now from Egs. (13) and (14), we get our estima-
tion in ChQM for the mass splitting of K*(892)

(mK*O —mK*i)thcory = (mK*O —mK*i)QM +
(Mo — Myt g = 1.31£0.56 MeV.  (15)

This is consistent with Eq. (10), in which the new
data by Belle Collaboration have been used. How-
ever, this is inconsistent with Eq. (5) estimated from
the current world average values.

3 Discussions and remarks

Motivated by the new measurement of K*~(892)
mass reported by Belle Collaboration, we reexamine
the mass splitting between the neutral K*(892) and
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the charged K*(892). Our analysis shows that there
might exist some discrepancy between this new result
and the corresponding world average value by Parti-
cle Data Group 2006 if the mass of K*°(892) could
keep unchanged. In the framework of ChQM, we give
a theoretical estimation as (Mmg+0 — Myt )ineory = 1 ~
2 MeV, which seems to support the Belle data.

It has been pointed out in Ref. [6] that, none of the
previous mass measurements of the charged K*(892)
listed in Ref. [1], all of which were performed more
than twenty years ago, presented the systematic un-
certainties for their measurements; more importantly,
all those earlier mass measurements listed there come
from the analysis of hadronic reactions and include
the effects of final state interaction while Belle Col-
laboration presents the measurement based on T~ de-
cays, where the decay products of the K*~(892) are
the only hadrons involved.

For the neutral K* masses, the situation in Ref. [1]
is very different from the charged case (for K**, only
old data obtained more than twenty years ago are
adopted there). In 2005 FOCUS Collaboration re-
ported a measurement of the K** masses as®

M=o = 895.41+0.32+93 MeV (16)

by studying the semileptonic DT — K-t utv decay.
Similar to the case of 1= — Kgm v, decay for the
K*~ mass measurement, this semileptonic D™ decay
could also provide a nice place to study K system
in the absence of interactions with other hadrons, in
which K*® mesons are the only hadrons produced in
the decay final state. It is noteworthy that the re-
cent FOCUS measurement (16) is close to the world
average value of the K*°(892) mass in Ref. [1]. This
indicates that the recent data prefer the small value
of the mass splitting mg«o — my«+, which is consis-

References

1 YAO W M et al. (Particle Data Group). J. Phys. G, 2006,
33: 1

2 LIB A, YAN M L, LIU K F. Phys. Lett. B, 1986, 177: 409

Das T et al. Phys. Rev. Lett., 1967, 18: 759

4 GAO D N, LI B A, YAN M L. Phys. Rev. D, 1997, 56:
4115

5 GAO D N, YAN M L. Phys. Lett. B, 2000, 495: 69

Epifanov D et al. (Belle Collaboration). arXiv: 0706.2231

[hep-ex]

GAO D N, YAN M L. Eur. Phys. J. A, 1998, 3: 293

Manohar A, Georgi H. Nucl. Phys. B, 1984, 234: 189

LIB A, YAN M L, LIU K F. Phys. Rev. D, 1991, 43: 1515

LI B A. Phys. Rev. D, 1995, 52: 5165; 1995, 52: 5184

LI B A. Phys. Rev. D, 1997, 55: 1425; 1997, 55: 1436

(=2} w

—= =
= O © w3

tent with our model estimation; however, which con-
tradicts the world average values by Particle Data
Group 2006. Explicitly, if we only consider the val-
ues in Egs. (9) and (16), which are the most recent
data for the K*~ and K*° masses, respectively, one
has

(mK*O — mK*i)FOCUs_BeHe =—0.06£0.91 MeV. (17)

Another possible interesting and precise experi-
ment has been proposed in Refs. [16, 19] that K*(892)
masses can be measured in BES at BEPC, especially
for the neutral K* mass. Since BESII at BEPC has
collected about 5.77x107 J /1 events, it is practicable
to take J /1 as the source of K*(892). The branching
ratio for J /1 — K°K*? is 4.2 x 10~3; for J /1 — KK,
6x1073; for K* — K7, about 100%. Therefore, study-
ing three-body decay processes J /1 — KK, one can
determine the location of the resonance of K¥7t* (i.e.
K*® or K*), and measure the neutral K* mass with
the error below 1 MeV. More accurate measurements
can be expected in BESIII after the BESII detector
is upgraded.

Our theoretical calculation (15) is not a model
independent estimation. However, the discrepancy
between the most recent data given by Eq. (10) or
(17) and the current world average value by Parti-
cle Data Group 2006 does exist. Future dedicated
measurements of the K*(892) (including both K*°
and K**) masses with high precision are necessary
to clarify this discrepancy. We therefore urge our ex-
perimental colleagues to produce more data in order
to get a solid and more meaningful conclusion.
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