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We study the recently observed Ωð2012Þ baryon in quantum chromodynamics (QCD) sum rules. We
construct the P-wave Ω baryon currents with a covariant derivative, and perform spin projection to obtain
the currents with total spin 1=2 and 3=2. We then apply the parity-projected QCD sum rules to separate the
contributions of the positive and negative parity states. We extract the masses of JP ¼ 1=2− and 3=2− states
to be M1=2− ¼ 2.07þ0.07

−0.07 GeV and M3=2− ¼ 2.05þ0.09
−0.10 GeV. Both results are in good agreement with the

experimental result. Therefore, it is likely that the Ωð2012Þ is a negative parity state, which is interpreted as
a P-wave excited state in the quark model. However, its spin is not determined in the present analysis,
which can be done by detailed study on its decay properties.
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I. INTRODUCTION

Significant progress has been recently achieved in baryon
spectroscopy, with an increasing number of new baryon
candidates, especially for those containing heavy quarks
[1–8]. However, even our understanding of the properties of
light baryons is still incomplete, especially for those con-
taining strange quarks.With the observation ofmoreΞ andΩ
baryons [9–16] together with a future hadron facility plan at,
for instance J-PARC [17], it is now the good time to study
light baryons containing strange quarks in more detail.
Furthermore, by accumulating our knowledge of strange
hadrons, we can improve our understanding of the non-
perturbative properties of quantumchromodynamics (QCD).
In 2018, the exited Ω baryon, Ωð2012Þ, was observed for

the first time in Ξ0K− and Ξ−K0
s invariant mass distributions

inϒð1SÞ,ϒð2SÞ, andϒð3SÞ decays by the Belle experiment
[10]. The experimental evidence has been further strength-
ened by the Ωc → πþΩð2012Þ− → πþðK̄ΞÞ− decay [15].
The latest data for its mass and decay width are [16]

M ¼ 2012.5� 0.7� 0.5 MeV;

Γ ¼ 6.4þ2.5
−2.0 MeV: ð1Þ

Furthermore, due to the relatively narrow width it has
been argued that the spin-parity of Ωð2012Þ is likely to
be JP ¼ 3=2−.
The conventional quark model may naively explain the

Ωð2012Þ to be a negative parity state as the first P-wave
excitation of the ground-state Ω baryon with three strange
quarks [18–27]. One important feature of this quark model
picture is that there should be spin-orbit partners of both
JP ¼ 1=2− and 3=2−. The spin 1=2− state is expected to be
rather wide, which could be the reason that only one narrow
state of 3=2− has been observed so far.
In contrast, because of the fact that the mass of Ωð2012Þ

is close to the K̄ and Ξ�ð1530Þ threshold, a molecular
picture of these particles has been proposed and extensively
discussed in Refs. [28–38]. This picture is attractive in
relation with the recent discussions of exotic hadrons
appearing near thresholds [39–46]. Unlike the quark model
picture, however, the spin 1=2− state is not easily generated
in the molecular picture. The molecular structure of
Ξ�ð1530ÞK̄ may furthermore lead to a large contribution
to the three-body decay ofΩð2012Þ → Ξ�ð1530ÞK̄ → ΞπK̄
[28–31]. In experiments, however, it was first reported that
such a three-body decay was not observed [12], but later the
measurement was revisited and the possibility of the three-
body decay was discussed in Ref. [16].
In this situation, a hybrid picture of three-quark and

molecular structures was proposed [47]. In that work, the
three-quark component (referred to as the bare component)
was reported to contribute only about 29% to the physical
Ωð2012Þ state. The relatively small rate is however due to
the mixture of a noninteracting K̄Ξ� one-loop component in
the physical state and does not necessarily mean molecular
dominance. After all, at this moment it would be fair to say
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that the structure of Ωð2012Þ is not yet well understood,
and this has motivated us to study further properties of this
state in yet another theoretical approach based on QCD
sum rules.
The starting point of QCD sum rules is to construct an

interpolating current corresponding to the state of interest.
There are former works for theΩð2012Þ using a local three-
quark current without derivative [18,19], but in this paper
we employ a current with a covariant derivative, assuming
that the parity ofΩð2012Þ is negative. In this way we expect
that the current couples more strongly to physical states
better than the one without derivative. We then perform a
systematic study for the four possible spin-parity states
JP ¼ 1=2� and 3=2�, by properly applying spin and parity
projections. As a result, we extract the masses of the 1=2−

and 3=2− states with values around the observed mass of
the Ωð2012Þ, namely

M1=2− ¼ 2.07þ0.07
−0.07 GeV; ð2Þ

and

M3=2− ¼ 2.05þ0.09
−0.10 GeV; ð3Þ

while the masses for the positive parity states appear in a
much higher region around 3 GeV with larger uncertainties.
Our present results imply that the Ωð2012Þ is dominated by
a three-quark state. However, to reach the final conclusion
we still need further studies: (1) compute decay width,
and (2) use the five-quark current corresponding to the
molecular state Ξ�ð1530ÞK̄. We relegate these two issues to
future works.
This paper is organized as follows. In Sec. II we

explicitly construct the P-wave currents for the Ω baryon
with a covariant derivative. Then we perform a parity-
projected QCD sum rule analysis for them in Sec. III. In
Sec. IV, we provide and discuss the results of the numerical
analysis. The obtained findings are summarized in Sec. V.

II. P-WAVE Ω BARYON CURRENTS

Let us first construct the currents for the P-wave Ω
baryon using three strange quark fields saðxÞ which have a
(not explicitly written) Dirac spinor structure with a ¼
1…3 being color indices. The logic for constructing the
current goes in a way similar to the Ioffe argument [48]
supplemented by a nonvanishing diquark structure. In
the presence of a derivative, it can be shown that three

types of diquarks remain nonvanishing: ϵabcsTaCγ5D
↔

μsb,

ϵabcsTaCD
↔

μsb and ϵabcsTaCγμγ5D
↔

μsb, which are the scalar,
vector, and axial-vector types, respectively. Here Dμ ¼
∂μ þ igsAμ is the covariant derivative with the gluon
field Aμ. Furthermore, for baryon fields of structure
ϵabcðsTaΓ1sbÞΓ2sc, Fierz rearrangement shows that only
two of them are independent, for which we may choose

vector and axial-vector types. As discussed in Ref. [48],
one of the linear combinations has the advantageous
property of surviving in the nonrelativistic limit and has
the preferable chiral structure of contributing to the
important terms in the operator product expansion of the
two-point function, that are proportional to the quark
condensate, for instance hs̄LsRi.
In this work we employ, among the above shown three

diquarks, the following ss-diquark

ϵabc½sTaCγ5D
↔

μsb� ¼ −2ϵabc½ðDμsTaÞCγ5sb�; ð4Þ

This diquark has a suitable internal P-wave structure. In
fact, sTaCγ5sb has quantum number JP ¼ 0þ which is
S-wave, with total spin s12 ¼ 0. After applying a derivative,

sTaCγ5D
↔

μsb becomes a pure P-wave diquark with orbital
angular momentum lρ ¼ 1, and total angular momentum
j12 ¼ lρ þ s12 ¼ 1. In contrast, the other two candidates,
the diquarks sTaCsb and sTaCγμγ5sb, have quantum numbers
JP ¼ 0− and 1−, respectively, which have already P-wave

nature. When a derivative is applied, the diquarks, sTaCD
↔

μsb

and sTaCγμγ5D
↔

μsb, obtain complicated structure unlike the
P-wave field of our choice (4). The use of these diquarks
for the baryon current is expected to be less reliable. In fact,
we have explicitly verified that the sum rule using the
second diquark for the baryon currents does not result in
good signals for negative parity baryons around 2 GeV, but
rather to signals at around 3 GeV. Because the baryon
current with the third diquark is not independent, and hence
can be expressed by the other two baryon currents, it does
not alter our conclusion. Therefore, we employ the diquark

sTaCγ5D
↔

μsb to construct the baryon currents. We note here
that for the ground octet and decuplet baryons, it can be
advantageous to consider the combinations of the currents
without derivatives [49–53].
Combining the diquark with the third quark field of

spin 1=2, one can write the currents for the P-wave Ω
baryon with the total angular momentum Jtot ¼ 1=2; 3=2
correspondingly as following

J ¼ −2ϵabc½ðDμsTaÞCγ5sb�γμsc; ð5Þ

Jμ ¼ −2ϵabc½ðDνsTaÞCγ5sb�
�
gμν −

1

4
γμγν

�
sc: ð6Þ

Because these two currents have the above-mentioned
preferable properties, we will employ them in the present
study.

III. QCD SUM RULE ANALYSES

In this section, we briefly explain the method of QCD
sum rules [54–59] by using the current listed in Eq. (6).
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Let us start with the current matrix element. As an example,
the current Jμ, whose spin and parity are JP ¼ 3=2− can
couple to the physical state jΩ; 3=2−i with the relevant
matrix element written as

h0jJμjΩ; 3=2−i ¼ f−uμðqÞ; ð7Þ

where f− is a coupling constant and uμðqÞ the Rarita-
Schwinger vector-spinor. The current Jμ can also couple to
a positive parity state jΩ; 3=2þi whose matrix element is
given as

h0jJμjΩ; 3=2þi ¼ fþγ5uμðqÞ: ð8Þ

We note that the partner current γ5Jμ can also couple to the
same physical states, and give the same results as Jμ.
We next study the correlation function with the following

Lorentz structure:

Πμνðq2Þ ¼ i
Z

d4xeiqxh0jT½JμðxÞJ†νð0Þ�j0i

¼
�
qμqν
q2

− gμν

�
Πðq2Þ þ � � � : ð9Þ

The � � � represents the contributions from states with
spin 1=2 which we neglect here. Πðq2Þ can also be
expressed as a dispersion relation,

Πðq2Þ ¼
Z

∞

s<

ρðsÞ
s − q2 − iε

ds; ð10Þ

where ρðsÞ≡ ImΠðsÞ=π is the spectral density, and
s< ¼ 9m2

s is the lower threshold of the spectral function
computed by the OPE.
At the hadron level, we obtain the spectral density by

inserting the complete set of intermediate hadronic states

ρphenðsÞ≡X
n

δðs −M2
nÞh0jJμjnihnjJ†νj0i

¼ f2−ð=qþM−Þδðs −M2
−Þ

þ f2þð=q −MþÞδðs −M2þÞ þ θðs − s0ÞρcontðsÞ;
ð11Þ

in which we consider two poles for both jΩ; 3=2−i and
jΩ; 3=2þi as well as the continuum contribution. M∓ are
the physical masses of negative and positive parity states,
respectively. Here s0 is the threshold value beyond which
(s > s0) the spectral density is approximated by that of
OPE [see also the discussion around Eq. (18)]. Based on
Eqs. (7)–(11), the correlation function can be given as

Πphenðq2Þ ¼ f2−
=qþM−

M2
− − q2 − iϵ

þ f2þ
=q −Mþ

M2þ − q2 − iϵ

¼ Πphen
1 ðq2Þ=qþ Πphen

0 ðq2Þ; ð12Þ

By introducing the spectral densities ρphen0;1 for Πphen
0;1 , we can

write down the following relations

ρphen1 ðsÞ ¼ f2−δðs −M2
−Þ þ f2þδðs −M2þÞ; ð13Þ

ρphen0 ðsÞ ¼ f2−M−δðs −M2
−Þ − f2þMþδðs −M2þÞ; ð14Þ

from which we can extract the spectral densities for
negative and positive parity states as

ρphen∓ ðsÞ ¼ ffiffiffi
s

p
ρphen1 ðsÞ � ρphen0 ðsÞ: ð15Þ

At the quark-gluon level, we use the method of the
operator product expansion to calculate the correlation
function in Eq. (9), from which we extract the spectral
densities ρOPE1 ðsÞ and ρOPE0 ðsÞ corresponding to Eqs. (13)
and (14) as

ρOPE1 ðsÞ ¼ 5s3

36864π4
−
167m2

ss2

40960π4
−
�
5hg2sGGi
49152π4

−
11mshs̄si
1024π2

�
sþ

�
−
263mshgss̄σGsi

73728π2
þ 155m2

shg2sGGi
196608π4

�

−
�
89hs̄sihgss̄σGsi

3072
−
29mshg2sGGihs̄si

147456π2
−
m2

shs̄si2
128

�
δðsÞ

þ
�
−
361hgss̄σGsi2

36864
−
hg2sGGihs̄si2

1152
þmshg2sGGihgss̄σGsi

3072π2
þ 7m2

shs̄sihgss̄σGsi
192

�
δ0ðsÞ; ð16Þ

ρOPE0 ðsÞ ¼ 23mss3

32768π4
−
hs̄sis2
96π2

−
�
317mshg2sGGi
589824π4

−
103m2

shs̄si
1536π2

þ 37hgss̄σGsi
3072π2

�
sþ

�
441m2

shgss̄σGsi
8192π2

þ 25hs̄sihg2sGGi
24576π2

�

−
�
13m2

shg2sGGihs̄si
4096π2

−
13hg2sGGihgss̄σGsi

294912π2
þ 5mshs̄sihgss̄σGsi

64

�
δðsÞ

þ
�
−
5mshgss̄σGsi2

2084
−
3mshg2sGGihs̄si2

1024
þ 9m2

shg2sGGihgss̄σGsi
8192π2

�
δ0ðsÞ: ð17Þ
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The corresponding Feynman diagrams are shown in Fig. 1.
We ignore terms, in which all quark lines are cut and
are only connected by one gluon propagator, because they
are of higher order in αs. We preserve the ρOPE1 ðsÞ up to
dimension 10 (D ¼ 10) terms and ρOPE0 ðsÞ up to dimension
11 (D ¼ 11) terms, including the perturbative term, the
quark condensate hs̄si, the gluon condensate hg2sGGi, the
quark-gluon mixed condensate hgss̄σGsi, and their combi-
nations. Note that the four-quark condensate can be para-
metrized as hs̄ss̄si ∼ κhs̄si2, where κ is the parameter that
controls the violation of the vacuum factorization [60–67].
We will discuss the uncertainties induced by the violation
of vacuum factorization in Sec. IV.
By equating the spectral densities at the hadron and

quark-gluon levels, and by performing the Borel trans-
formation, we derive the sum rules as

Π∓ðs0;MBÞ ¼ 2M∓f2∓e−M
2∓=M2

B

¼
Z

s0

s<

ð ffiffiffi
s

p
ρOPE1 ðsÞ� ρOPE0 ðsÞÞe−s=M2

Bds: ð18Þ

Here the upper limit of the integral on the right hand side is
set to s0 under the assumption of the quark-hadron duality,
namely that the phenomenological spectral density is equal
to that of the OPE. The masses and coupling constants are
obtained by the formulas

M2∓ðs0;MBÞ¼
R
s0
s<
ð ffiffiffi

s
p

ρOPE1 ðsÞ�ρOPE0 ðsÞÞse−s=M2
BdsR

s0
s<
ð ffiffiffi

s
p

ρOPE1 ðsÞ�ρOPE0 ðsÞÞe−s=M2
Bds

; ð19Þ

and

f2∓ðs0;MBÞ

¼
R
s0
s<
ð ffiffiffi

s
p

ρOPE1 ðsÞ � ρOPE0 ðsÞÞe−s=M2
Bds × eM

2∓=M2
B

2M∓
: ð20Þ

IV. NUMERICAL ANALYSIS

In this section we present our numerical results. The used
input parameters for condensates and masses determined at
the renormalization scale 2 GeV are [68–76]

hq̄qi ¼ −ð0.240� 0.010Þ3 GeV3;

hs̄si ¼ ð0.8� 0.1Þ × hq̄qi;
hgss̄σGsi ¼ ð0.8� 0.2Þ × hs̄si;
hαsGGi ¼ ð6.35� 0.35Þ × 10−2 GeV4;

ms ¼ 93þ9
−3 MeV: ð21Þ

Let us first discuss the JP ¼ 3=2− state. From Eq. (19), it
is understood that the mass depends on two free param-
eters: the Borel mass MB and the threshold value s0. To
find their proper working regions, we use three criteria:
(a) sufficiently good convergence of the OPE, (b) suffi-
ciently large pole contribution, and (c) sufficiently weak
mass dependence on these two parameters.
To ensure the OPE convergence, we require that the

higher dimensional contributions are sufficiently small,
specifically

CVGA≡
����Π

D¼11þ10þ9þ8
− ð∞;M2

BÞ
Π−ð∞;M2

BÞ
���� ≤ 5%; ð22Þ

CVGB≡
����Π

D¼7þ6
− ð∞;M2

BÞ
Π−ð∞;M2

BÞ
���� ≤ 10%; ð23Þ

CVGC≡
����Π

D¼5þ4
− ð∞;M2

BÞ
Π−ð∞;M2

BÞ
���� ≤ 20%; ð24Þ

where the denominator is the full OPE while the numer-
ators are the contributions from the terms of dimensions as
indicated by the upper labels. As shown in Fig. 2 by the
three dashed curves, we find that the Borel mass M2

B must
be larger than 1.54 GeV2, as determined by the CVGC

FIG. 1. Feynman diagrams in the present study. The cross-
circle (green) vertices represent the quark-gluon couplings due to
the covariant derivative Dμ ¼ ∂μ þ igsAμ.
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criterion of Eq. (24). Note that the other criteria are
automatically satisfied in this case. For a sufficient pole
contribution we require

PC≡
����Π−ðs0;M2

BÞ
Π−ð∞;M2

BÞ
���� ≥ 40%: ð25Þ

As shown in Fig. 2 by the solid curve, we find that the
Borel mass M2

B must be less than 1.76 GeV2 when
s0 ¼ 6.0 GeV2 for Eq. (25) to be satisfied. In the analysis
of the above two criteria, we noticed that s0 has a minimum
value smin

0 ¼ 5.3 GeV2, and we have chosen s0 slightly
larger than it. Altogether the Borel window is determined to
be 1.54 GeV2 ≤ M2

B ≤ 1.76 GeV2 when s0 ¼ 6.0 GeV2,
and the working region of s0 is determined to be
5.3 GeV2 ≤ s0 ≤ 6.7 GeV2.
We can now study the mass of the 3=2− state as a

function of the Borel mass M2
B and the threshold value s0

as shown in Fig. 3. From the left panel, we observe that
the mass is almost independent of M2

B in the region
1.54 GeV2 ≤ M2

B ≤ 1.76 GeV2. From the right panel,
the mass dependence on s0 is acceptable in the region
5.3 GeV2 ≤ s0 ≤ 6.7 GeV2. Note that the mass has a
stability point at around s0 ∼ 2.1 GeV2 as shown in the

right panel of Fig. 3. However, the Borel window lies
above this point; it exists only if s0 ≥ smin

0 ¼ 5.3 GeV2.
So we choose s0 sightly large than this value. The mass and
coupling constant are calculated to be

M3=2− ¼ 2.05þ0.09
−0.10 GeV;

f3=2− ¼ 0.037þ0.007
−0.007 GeV3: ð26Þ

The uncertainties come from s0, MB and the condensate
list in Eq. (21). We also consider the violation of the four-
quark factorization where κ is varied from 1 to 7 [66,67].
We have found that the uncertainties caused by it are
very small and negligible. This is because the four-quark
condensates appear only in the high dimension terms
(D ≥ 8) in the OPE.
For the JP ¼ 3=2þ state, we determine that its

working regions are 2.09 GeV2 ≤ M2
B ≤ 2.30 GeV2 and

10.5 GeV2 ≤ s0 ≤ 11.5 GeV2 as shown in Fig. 4, and
calculate its mass and coupling constant as

M3=2þ ¼ 3.13þ0.27
−0.18 GeV;

f3=2þ ¼ 0.074þ0.015
−0.009 GeV3: ð27Þ

The mass of the positive parity state is estimated to be about
1 GeV larger than that of the negative parity state with
larger uncertainties (which also holds for the coupling
constant). This implies that the current with a derivative
couples to and works for the negative parity state better
than for the positive parity state.
We next perform the same numerical analysis using

the current J in Eq. (5) to investigate the JP ¼ 1=2�

states. For the JP ¼ 1=2− state, the working regions
are determined to be 1.58 GeV2 ≤ M2

B ≤ 1.73 GeV2 and
5.5 GeV2 ≤ s0 ≤ 6.5 GeV2. We show its mass dependence
on these two parameters in Fig. 5. The mass and the
coupling constant are calculated to be

M1=2− ¼ 2.07þ0.07
−0.07 GeV;

f1=2− ¼ 0.079þ0.011
−0.011 GeV3: ð28Þ

FIG. 2. CVGA=B=C and PC as functions of the Borel mass MB

when s0 is set to 6.0 GeV2. CVGA (short-dashed) and CVGB
(medium-dashed) are almost overlaid.

FIG. 3. The massM3=2− as a function of the Borel massM2
B and the threshold value s0 extracted from the current Jμ in Eq. (6). In the

left panel, the short-dashed/solid/long-dashed curves are obtained by setting s0 ¼ 5.3=6.0=6.7 GeV2, respectively. In the right panel, the
short-dashed/solid/long-dashed curves are obtained by setting M2

B ¼ 1.54=1.65=1.76 GeV2, respectively.
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For the JP ¼ 1=2þ state, we show its working regions in
Fig. 6, where we extract its mass and coupling constant as

M1=2þ ¼ 3.05þ0.21
−0.15 GeV;

f1=2þ ¼ 0.168þ0.045
−0.040 GeV3: ð29Þ

Once again we observe that the current couples better to the
negative parity state.
The above results are summarized in Table I. By using

the three-quark currents with a derivative supplemented by

spin and parity projection, J and Jμ in Eqs. (5) and (6)
respectively, we have obtained the masses of JP ¼ 1=2−

and 3=2− states in a mass region around 2 GeV, while the
positive parity states appear in a mass region around 3 GeV.
In all, our results therefore suggest that the recently

observed Ωð2012Þ baryon is likely to have negative parity.
To further determine its spin, we need to study its decay
properties. Naively, because of the centrifugal barrier
existing only for the higher spin state, we expect that
the JP ¼ 1=2− (3=2−) state has a wider (narrower) decay

FIG. 4. The mass M3=2þ as a function of the Borel massM2
B and the threshold value s0 extracted from the current Jμ in Eq. (6). In the

left panel, the short-dashed/solid/long-dashed curves are obtained by setting s0 ¼ 10.5=11.0=11.5 GeV2, respectively. In the right
panel, the short-dashed/solid/long-dashed curves are obtained by setting M2

B ¼ 2.09=2.20=2.30 GeV2, respectively.

FIG. 5. The massM1=2− as a function of the Borel massM2
B and the threshold value s0 extracted from the current J in Eq. (5). In the left

panel, the short-dashed/solid/long-dashed curves are obtained by setting s0 ¼ 5.5=6.0=6.5 GeV2, respectively. In the right panel, the
short-dashed/solid/long-dashed curves are obtained by setting M2

B ¼ 1.58=1.65=1.73 GeV2, respectively.

FIG. 6. The massM1=2þ as a function the Borel massM2
B and the threshold value s0 extracted from the current J in Eq. (5). In the left

panel, the short-dashed/solid/long-dashed curves are obtained by setting s0 ¼ 9.7=11.0=12.3 GeV2, respectively. In the right panel, the
short-dashed/solid/long-dashed curves are obtained by setting M2

B ¼ 1.91=2.16=2.40 GeV2, respectively.
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width, and therefore, the observed state with a width around
6 MeV is likely to be a JP ¼ 3=2− state.
To do a complete analyses, we have also performed an

investigation by using a current without derivative [77]

J0μ ¼ −
ffiffiffi
3

p
ϵabcsTaCγμsbsc; ð30Þ

whose spin parity is 3=2þ. Once again, we have performed
sum rule analysis by setting the proper criteria for con-
vergence of OPE and pole contribution, with the parity
projection properly done as before. As summarized in
Table I, the extracted masses are

M0
3=2þ ¼ 1.59þ0.10

−0.12 GeV; ð31Þ

M0
3=2− ¼ 3.15þ0.16

−0.17 GeV: ð32Þ

The mass of 3=2þ is in good agreement with the Ωð1672Þ.
Once again, the uncertainty is larger for higher energy state
of negative parity. The sum rule for higher energy states in
the present method could not be efficiently performed. In
this respect, an alternative form of sum rule exclusively for
the negative parity state with the mass of the positive parity
state treated as an input could be another option [18].

V. SUMMARY

In this paper, we studied the recently observed Ω baryon
Ωð2012Þ making use of QCD sum rules. We constructed
the P-wave Ω baryon currents with a covariant derivative,
whose spins are 1=2 and 3=2 by performing the proper spin
projections. We then analyzed the parity-projected QCD
sum rules to separate the contribution of the positive parity
and negative parity states. Thus, we systematically studied
in total four states with spin-parity 1=2� and 3=2�, and
applied the QCD sum rule method to calculate their masses
and coupling constants. The results are summarized in
Table I. We determined the mass of the JP ¼ 1=2− state as

M1=2− ¼ 2.07þ0.07
−0.07 GeV; ð33Þ

and that of JP ¼ 3=2− as

M3=2− ¼ 2.05þ0.09
−0.10 GeV: ð34Þ

As both masses are consistent with the Ωð2012Þ, it is likely
that the Ωð2012Þ is a P-wave excited Ω baryon with three
strange quarks. However, due to the closeness of Eqs. (33)
and (34), we cannot determine its spin quantum number in
the present analysis.
We have so far only studied the mass and coupling

constant of the Ωð2012Þ baryon. Based on these results, we
plan to investigate its decay properties in the near future,
which are also important to understand its internal struc-
ture. If its spin parity is JP ¼ 3=2−, it may more likely
decay via S-wave to the final state K̄Ξð1530Þ, even though
such a decay will be suppressed due to a small phase space
factor. It can also decay to the final K̄Ξ state, but only as a
D-wave final state, so that the total decay width should be
small. On the other hand, if its spin parity is JP ¼ 1=2−, it
will be easier to decay to K̄Ξ via S-wave, for which there is
no phase space suppression, while the decay to K̄Ξð1530Þ
proceeds via D-wave, so that the total decay width should
become much larger. All these naive expectations need to
be confirmed by an actual QCD sum rule analysis. In
addition, QCD sum rule analysis using a five-quark current
corresponding to the molecular state K̄Ξð1530Þ� will also
have to be carried out in the future.
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TABLE I. Masses and coupling constants extracted from the currents J in Eq. (5), Jμ in Eq. (6), and J0μ in Eq. (30).

Working regions

Current State smin
0 ½GeV2� M2

B½GeV2� s0½GeV2� Pole [%] Mass [GeV] Couple constant [GeV3]

J jΩ; 1=2þi 9.7 1.91–2.40 11.0 40–55 3.05þ0.21
−0.15 0.168þ0.045

−0.040
jΩ; 1=2−i 5.5 1.58–1.73 6.0 40–47 2.07þ0.07

−0.07 0.079þ0.011
−0.011

Jμ jΩ; 3=2þi 10.5 2.09–2.30 11.0 40–46 3.13þ0.27
−0.18 0.074þ0.015

−0.009
jΩ; 3=2−i 5.3 1.54–1.76 6.0 40–51 2.05þ0.09

−0.10 0.037þ0.007
−0.007

J0μ jΩ0; 3=2þi 3.3 1.48–1.77 4.0 40–52 1.59þ0.10
−0.12 0.033þ0.006

−0.006
jΩ0; 3=2−i 11.5 3.30–3.93 13.0 40–51 3.15þ0.16

−0.17 0.092þ0.018
−0.018
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