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1.研究背景
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1. 𝑆𝑈 (3) 对称性与早期的夸克模型
• Gell-Mann和 Zweig基于 𝑆𝑈 (3)对称性对当时发现的强子进行分类

1.M. Gell-Mann, The Eightfold Way: A Theory of strong interaction symmetry, 1961.
2.M. Gell-Mann, Phys. Rev. 125, 1067-1084 (1962).
3.M. Gell-Mann, Phys. Lett. 8, 214–215 (1964).
4. G. Zweig, An SU(3) model for strong interaction symmetry and its breaking. Version 1, 1964.
5. G. Zweig, An SU(3) model for strong interaction symmetry and its breaking, Version 2, 1964.
· · ·

•成功之处：预言了 Ω粒子
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OBSERVATION OF A HYPERON WITH STRANGENESS MINUS THREE*
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FIG. 1. Decuplet of
2

particles plotted as a function3+

of mass versus third component of isotopic spin.

It has been pointed out' that among the multitude
of resonances which have been discovered recent-
ly, the N„2~(1238), 1',*(1385), and:"„2*(1532)
can be arranged as a decuplet with one member
still missing. Figure 1 illustrates the position
of the nine known resonant states and the postu-
lated tenth particle plotted as a function of mass
and the third component of isotopic spin. As
can be seen from Fig. 1, this particle (which
we call 0, following Gell-Mann') is predicted
to be a negatively charged isotopic singlet with
strangeness minus three. ' The spin and parity
should be the same as those of the N», *, namely,
3/2 . The 10-dimensional representation of the
group SU, can be identified with just such a dec-
uplet. Consequently, the existence of the 0
has been cited as a crucial test of the theory of
unitary symmetry of strong interactions. '" The
mass is predicted' by the Gell-Mann —Okubo mass
formula to be about 1680 MeV/c'. We wish to
report the observation of an event which we be-
lieve to be an example of the production and decay
of such a particle.

The BNL 80-in. hydrogen bubble chamber was
exposed to a mass-separated beam of 5.0-BeV/c
K me sons at the Brookhaven AGS. About 100 000
pictures were taken containing a total K track

length of -10' feet. These pictures have been
partially analyzed to search for the more charac-
teristic decay modes of the 0 .

The event in question is shown in Fig. 2, and
the pertinent measured quantities are given in
Table I. Our interpretation of this event is

—A'+ 7to

~ Xl

—8++e

'1T +P .
From the momentum and gap length measure-
ments, track 2 is identified as a E+ (A bub-.

ble density of 1.9 times minimum was expected
for this track while the measured value was 1.7
+ 0.2. ) Tracks 5 and 6 are in good agreement
with the decay of a A, but the A cannot come
from the primary interaction. The A' mass as
calculated from the measured proton and ~ kin-
ematic quantities is 1116+2 MeV/c'. Since the
bubble density from gap length measurement of
track 6 is 1.52 + 0.17, compared to 1.0 expected
for a v+ and 1.4 for a proton, the interpretation
of the V as a K is unlikely. In any case, from
kinematical considerations such a Eo could not
come from the production vertex. The A ap-
pears six decay lengths from the wall of the bub-
ble chamber, and there is no other visible origin
in the chamber.

The event is unusual in that two gamma rays,
apparently associated with it, convert to elec-
tron-positron pairs in the liquid hydrogen. From
measurements of the electron momenta and an-
gles, we determine that the effective mass of the
two gamma rays is 135.1+1.5 MeV/c2, consist-
ent with a ~ decay. In a similar manner, we
have used the calculated ~ momentum and an-
gles, and the values from the fitted A to deter-
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FIG. 2. Photo ragraph and line diagram of eo event showing decay of 0

0

mane the mass of the neutral deca in
to be 1316+4 MeV/ 2 'e ' agreement withe c in excellent

The rojections of the lines of
ig of the two gammas and the A' onto th

cay point of track 3 with
c or o the ~ points back to the de-

production vertex b 5 the XF
within 1 mm and miss

length of the ~ fl'
x y mm in the XFthe XF plane. The

o e = flight path is 3 cm with a c
lated momentum of 1906

a calcu-

verse momenta of th

+ 20 MeV/c. The trans-

within the errors i
ao e = andof track4b

rrors, in icating that no ot
ticle is emitted in the dan e decay of particle 3.

e will now discuss the deca
From the mo

e ecay of particle 3.
e momentum and gap l theng measure-

ments on trackack 4, we conclude that it
l h th fa o a K. Using the ™0momentu

a ~, the mass
particle 3 is computed t bo e 1686+ 12 MeV c

and its momentum to be 2015+ 20 MeV c.

track 4, 248+5 MeV
ure ransverse mom

i o e t
+ 5 MeV c, is greater th
n um or the possible deca

not only becaus 't '
or - -e +n+v. We reject this his ypothesis

ause it involves AS=2, but als

o e A and two gammas with the

Table II. M axzmum transverse momen
d od t fouc or various particle decays

Table II. Measured quantities.
Decay modes

Maximum tran sverse momentum
(Me V/c)

Track

1
2

3
4
5
6
7
8

Azimuth
(deg)

4.2 +0.1
6.9 +0.1

14.5 +0.5
79.5 +0.1

344.5 +0.1
9.6 +0.1

357.0 +0.3
63.3 +0.3

Dip
(deg)

1.1 +0.1
3.3 +0.1

-1.5 +0.6
-2. 7 +0.1

-12.0 +0.2
-2.5 +0.1
3.9 +0.4

-2.4+0.2

Momentum
(Me V/c)

4890 + 100
501 +5.5

0 ~ ~

281 +6
256 +3

1500 + 15
82~2

177 +2

lF P +v
K p +v
K 7t +m

K —e +z+v
Z -x+n

e +A +v
e +n+v

M-" -vr +A'
e +A~+ v

e +n+v

30
236
205
229
192

78
229
139
190
327
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2. Ω重子的实验现状
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[1 ] S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024).
[2 ] V. E. Barnes et al., Phys. Rev. Lett. 12, 204–206 (1964).
[3 ] D. Aston et al., Phys. Lett. B 194, 579–585 (1987).
[4 ] S. F. Biagi et al., Z. Phys. C 31, 33 (1986).
[5 ] D. Aston et al., Phys. Lett. B 215, 799–804 (1988).
[6 ] (Belle Collaboration), Phys. Rev. Lett. 121, 052003 (2018).
[7 ] (BESIII Collaboration), Phys. Rev. Lett. 134, 131903 (2025).

3. 近些年发现的 Ω粒子

effective number of standard deviations nσ, and for this
simultaneous fit, we find nσ ¼ 8.3.
Table I also lists results obtained from fitting to each of

the two distributions separately. The signals in the Ξ0K−

and Ξ−K0
S mass distributions have significances of nσ ¼6.9

and nσ ¼ 4.4, respectively, and have statistically compat-
ible masses and widths.
We have performed a series of checks to confirm the

stability of the signal peak. Reasonable changes to the
selection criteria of the daughter particles produce changes
in the signal yield consistent with statistics. It would be
surprising if an Ω�− were not also produced in continuum
eþe− → qq̄ events. In Fig. 3, we present mass distributions
as in Fig. 2 but for the remainder of the Belle data, which
comprise a total of 946 fb−1 taken mostly at the ϒð4SÞ
energy but also in the continuum below and above this
energy as well as at the ϒð5SÞ. For the fits shown in Fig. 3,
we use second-order Chebyshev background functions
together with signal functions with mass and width fixed
to the values found in the ϒð1S; 2S; 3SÞ data. Both
distributions show excesses in the signal region, and their
statistical significances are listed in Table I.

Taking into account the detection efficiency of the two
modes, we use the results of the simultaneous fit to the
ϒð1S; 2S; 3SÞ data to calculate the branching fraction ratio
R ¼ ½BðΩ�− → Ξ0K−Þ=BðΩ�− → Ξ−K̄0Þ� ¼ 1.2 � 0.3,
where statistical uncertainties dominate. With perfect iso-
spin symmetry, this ratio would be 1, but the isospin mass
splitting of the Ξ and K doublets will lead to an increase of
up to approximately 15% depending on the spin associated
with decay. The obtained value of R is consistent with the
expectation.
The significance of the observation is largely unaffected

by systematic uncertainties associated with the limited
knowledge of the resolution and momentum scale of the
detector. However, the use of different background func-
tions can change the significance values. If we replace the
background functions by third-order Chebyshev polyno-
mials, the significance of the signal in the simultaneous fit
is reduced to nσ ¼ 7.2. We take this value as the signal
significance including systematic uncertainties. We also
investigated the possibility of a further signal at around a
mass of 1.95 GeV=c2 where the data show an excess of
events. This excess is not statistically significant (nσ < 3),
and its inclusion in the fit makes a negligible change to the
significance of the signal at 2.012 GeV=c2.
The dominant systematic uncertainty of the mass meas-

urement is that due to the masses of the Ξ0 and Ξ− hyperons,
which enter almost directly into the calculation of the Ω�−
mass. Conservatively, we take the difference between the
reconstructed Ξ0 mass and the PDG value 0.6 MeV=c2. The
Belle charged-particle momentum scale is very well under-
stood, and the uncertainty in the Ω�− mass measurement
due to this is much smaller than 0.6 MeV=c2. Similarly,
changing the fit function to a relativistic Breit-Wigner has
negligible effect on the mass value.
MC simulation is known to reproduce the resolution of

mass peaks within 10% over a large number of different
systems. The resultant systematic uncertainty in Γ from this
source is �0.37 MeV. Changing the background shapes to
third-order Chebyshev polynomials changes the measured
value of Γ by 1.6 MeV, and this is the dominant contributor
to the systematic uncertainty of the width.
The theoretical models [2–7] predict a JP ¼ 1

2
− and

JP ¼ 3
2
− pair of excited Ω− states in this mass region but

with large differences in their mass predictions. Our value
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FIG. 2. The (a) Ξ0K− and (b) Ξ−K0
S invariant mass distributions

in data taken at theϒð1SÞ;ϒð2SÞ, andϒð3SÞ resonance energies.
The curves show a simultaneous fit to the two distributions with a
common mass and width.

TABLE I. The results of fits to the data shown in Fig. 2. The uncertainties shown are statistical only.

Data Mode Mass (MeV=c2) Yield ΓðMeVÞ χ2=d:o:f: nσ

ϒð1S; 2S; 3SÞ Ξ0K−, Ξ−K0
S 2012.4� 0.7 242� 48, 279� 71 6.4þ2.5

−2.0 227=230 8.3
(simultaneous)

ϒð1S; 2S; 3SÞ Ξ0K− 2012.6� 0.8 239� 53 6.1� 2.6 115=114 6.9
ϒð1S; 2S; 3SÞ Ξ−K0

S 2012.0� 1.1 286� 87 6.8� 3.3 101=114 4.4

Other Ξ0K− 2012.4 (fixed) 209� 63 6.4 (fixed) 102=116 3.4
Other Ξ−K0

S 2012.4 (fixed) 153� 89 6.4 (fixed) 133=116 1.7

PHYSICAL REVIEW LETTERS 121, 052003 (2018)

052003-5

background shape, the mass shift, the resolution, the
efficiency curve, the choice of sideband, and the para-
metrization of the Ωð2012Þ− and Ωð2109Þ− signal shape.
The numerical results are summarized in Table I. The impact
of the background shape is evaluated by varying it to be a
third-order Chebyshev polynomial. The uncertainties from
the mass shift and resolution are determined by calibrating
the mass shift and resolution difference between data and
MC simulation using the control sample of eþe− → Ω−Ω̄þ.
The effects of the dependence of efficiency on the fitted
variable are assigned according to the differences between
the results obtained with and without consideration of the
efficiency dependence. The systematic uncertainty related to
the choice of sideband is estimated by ten different varia-
tions in the edges of the sideband intervals, by amounts
ranging from 5 to 20 MeV=c2, and the maximum change of
the mass or width compared to the nominal one is taken as
the uncertainty. To consider the uncertainty from the

parametrization of the Ωð2012Þ− signal shape, we change
the fixed parameters ofΩð2012Þ− adopted from PDG [5] by
�1σ, and the largest variation of the mass or width is
considered as one contribution to this uncertainty; mean-
while, the variation of the mass and width when the
Ωð2012Þ− is alternatively fitted by the signal MC shape
taking into account the shape distortion ofΩð2012Þ− due to
the finite phase space inΩð2012Þ− three-body decays (such
as Ωð2012Þ− → Ξð1530ÞK → ΞπK) is considered as
another contribution to this uncertainty. The effect from
the parametrization of Ωð2109Þ− signal shape is studied by
varying the double-Gaussian function convoluted with the
Breit-Wigner to be a single-Gaussian function. The potential
contributions from the feed-down components ½eþe− →
Ω−Ω̄ð2012=2109Þþ; Ω̄ð2012=2109Þþ → Ω̄þππ� and the
interference between Ωð2012Þ− and Ωð2109Þ− are inves-
tigated, while no evidence of these contributions is found at
the current statistical level of the data. The changes in mass
and width when we introduce interference between
Ωð2012Þ− and Ωð2109Þ− in the fit are quoted as systematic
uncertainties. Following Refs. [45,46], the upper limit
on the natural width of Ωð2109Þ− is set at Bayesian
95% confidence level, assuming Gaussian behavior for
both statistical and systematic uncertainties, yielding
ΓΩð2109Þ− < 46.9 MeV.
Following Ref. [43], we take the look-elsewhere effect

and the relevant systematic uncertainties into account
simultaneously to reestimate the significance of the
Ωð2109Þ− using 5000 pseudodatasets to obtain the distri-
bution of Δð2 lnLÞ. The resulting distribution is found to
be well described by a χ2 distribution with 3.27� 0.03
degrees of freedom. Combining with the minimum
Δð2 lnLÞ ¼ 23.6 among all the systematic tests, the
significance of the Ωð2109Þ− is determined to be nσ ¼
4.1 conservatively with Nd:o:f: ¼ 3.27þ 0.03 ¼ 3.30. For
the significance of the Ωð2012Þ−, to account for the
systematic effects, the minimum Δð2 lnLÞ among all
systematic variations is taken, which is still 12.2.
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FIG. 2. Simultaneous unbinned maximum likelihood fit the
RMΩ̄þ þMΩ̄þ −mΩ̄þ distributions from the signal (a) and side-
band (b) regions. The black dots with error bars represent data.
The blue solid curve is the total fit result. The red long dashed, red
short dashed, and red double-dot-dashed lines are the signal
shapes for Ω−, Ωð2012Þ−, and Ωð2109Þ−, respectively. The black
dot-dashed line is the background shape.

TABLE I. Absolute systematic uncertainties for the measure-
ments of the resonance parameters of Ωð2109Þ−.

Source Mass (MeV=c2) Width (MeV)

Background shape 0.1 0.1
Mass shift 0.3 · · ·
Resolution · · · 4.7
Efficiency curve 0.1 0.6
Choice of sideband 0.1 0.2
Parametrization of Ωð2012Þ−
signal shape

0.1 0.3

Parametrization of Ωð2109Þ−
signal shape

0.5 2.4

Interference 0.6 2.0

Total 0.9 5.7

PHYSICAL REVIEW LETTERS 134, 131903 (2025)

131903-3

Ω(2012)
Ω(1672)
Ω(2012)
𝛀(2109)

(Belle Collaboration), Phys. Rev. Lett. 121, 052003 (2018) (BESIII Collaboration), Phys. Rev. Lett. 134, 131903 (2025)
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1. 波函数

𝑠

𝑠

𝑠
𝝆

𝝀

系统的子基矢为：

|𝜙𝛼
𝐽𝑃𝑀𝐽

⟩ = |𝜙color𝜙flavor[[𝑅𝜌𝑛𝜌𝑙𝜌𝑅
𝜆
𝑛𝜆𝑙𝜆

]𝐿𝜒𝑠12𝑆]𝐽𝑀𝐽⟩,

其中，颜色、味道、空间、自旋波函数分别为：
𝜙color = 𝑟𝑔𝑏−𝑟𝑏𝑔+𝑔𝑏𝑟−𝑔𝑟𝑏+𝑏𝑟𝑔−𝑏𝑔𝑟√

6
,

𝜙flavor = 𝑠𝑠𝑠,

𝑅𝑛𝑙𝑚(𝛽, r) = 𝛽𝑙+
3
2
√

2𝑛!
Γ(𝑛+𝑙+3

2)
𝐿
𝑙+1

2
𝑛 (𝛽2𝑟2)𝑟 𝑙e−

𝛽2𝑟2
2 𝑌𝑙𝑚(r̂),

|𝜒𝑠12𝑆⟩ = | [ [𝑠1𝑠2]𝑠12𝑠3]𝑆⟩.

需要利用上述子基矢构造出全反对称的波函数



8

2. 对称性

因为 Ω包含三个全同的组分夸克 𝑠，需要满足波函数全反对称。由于 P̂12（对于夸
克 12波函数进行交换）可以在最初构造波函数时符合条件，我们只需要让 P̂13 作
用在波函数上得到 P̂13Ψ = −Ψ就能得到全反波函数。P̂13不会改变下面的量子数：
• P̂13不会改变 𝑁 = 2𝑛𝜌 + 2𝑛𝜆 + 𝑙𝜌 + 𝑙𝜆，
• P̂13不会改变 𝐿，
• P̂13不会改变总自旋 𝑆。
我们选取包含相同 𝑁、𝐿、𝑆的子基矢的线性组合作为基矢

|𝜓𝑁𝐿𝑆
𝐽𝑃𝑀

⟩ =
∑
𝑖

𝑐𝑖 |𝜙𝛼𝑖𝐽𝑃𝑀⟩.

定义
𝑣 =

(
|𝜙𝛼1
𝐽𝑃𝑀

⟩ |𝜙𝛼2
𝐽𝑃𝑀

⟩ |𝜙𝛼3
𝐽𝑃𝑀

⟩ · · ·
)𝑇
.

矩阵 P 可以通过如下方式构造
P = 𝑣P̂13𝑣

𝑇 .

所有 P 特征值为 −1的特征矢量可以作为基矢。
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3. 势模型-谱学

𝑠

𝑠

𝑠

𝐻 =
3∑
𝑖=1

𝑝2
𝑖

2𝑚𝑖 +
∑
𝑖< 𝑗
𝑉𝑖 𝑗 (r) (𝑖 = 1, 2, 3)

𝑉𝑖 𝑗 = 𝐻
conf
𝑖 𝑗 + 𝐻hyp

𝑖 𝑗 + 𝐻so(cm)
𝑖 𝑗 + 𝐻so(tp)

𝑖 𝑗

𝐻conf
𝑖 𝑗 = −2

3
𝛼𝑠
𝑟𝑖 𝑗

+ 𝑏
2
𝑟𝑖 𝑗 +

1
2
𝐶

𝐻
hyp
𝑖 𝑗 =

2𝛼𝑠
3𝑚𝑖𝑚 𝑗

[
8𝜋
3
𝛿(𝑟𝑖 𝑗)s𝑖 · s 𝑗 +

1
𝑟3
𝑖 𝑗

𝑆(r, s𝑖, s 𝑗)
]

𝐻so(cm)
𝑖 𝑗 =

2𝛼𝑠
3𝑟3
𝑖 𝑗

(
r𝑖 𝑗 × p𝑖 · s𝑖

𝑚2
𝑖

−
r𝑖 𝑗 × p 𝑗 · s 𝑗

𝑚2
𝑗

−
r𝑖 𝑗 × p 𝑗 · s𝑖 − r𝑖 𝑗 × p𝑖 · s 𝑗

𝑚𝑖𝑚 𝑗

)
𝐻

so(tp)
𝑖 𝑗 = − 1

2𝑟𝑖 𝑗

𝜕𝐻conf
𝑖 𝑗

𝜕𝑟𝑖 𝑗

(
r𝑖 𝑗 × p𝑖 · s𝑖

𝑚2
𝑖

−
r𝑖 𝑗 × p 𝑗 · s 𝑗

𝑚2
𝑗

)
.

𝛿(𝑟) = 𝜎3

𝜋3/2e−𝜎
2𝑟2

𝑆(r, s𝑖, s 𝑗) =
3s𝑖 · r𝑖 𝑗s 𝑗 · r𝑖 𝑗

𝑟2
𝑖 𝑗

− s𝑖 · s 𝑗
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4. 夸克对产生（QPC）模型

QPC模型的算符为：

T̂ = − 3𝛾
∑
𝑚

⟨1, 𝑚; 1,−𝑚 |0, 0⟩
∫

d3p𝑖d3p 𝑗𝛿(p𝑖 + p 𝑗)

× Y𝑚
1

(p𝑖 − p 𝑗
2

)
𝜔

(𝑖, 𝑗)
0 𝜙

(𝑖, 𝑗)
0 𝜒

(𝑖, 𝑗)
1,−𝑚𝑏

†
𝑖 (p𝑖)𝑑

†
𝑗 (p 𝑗).

衰变的分波振幅可以写成

𝑀𝐽𝐵𝐶𝐿𝐵𝐶
𝐴→𝐵𝐶 (𝑝) = ⟨𝐵𝐶, 𝐽𝐵𝐶, 𝐿𝐵𝐶, 𝑝 |T̂ |𝐴⟩,

𝐽𝐵𝐶是末态 𝐵𝐶相对自旋，𝐿𝐵𝐶表示 𝐵𝐶之间相对轨道角动量,𝑃是在 𝐴

的质心系中，𝐵或 𝐶 的动量大小。最终得到的宽度为：

Γ𝐽𝐵𝐶𝐿𝐵𝐶𝐴→𝐵𝐶 = 2𝜋
𝐸𝐵(𝑝)𝐸𝑐(𝑝)

𝑀𝐴
𝑝 |𝑀𝐽𝐵𝐶𝐿𝐵𝐶

𝐴→𝐵𝐶 (𝑝) |2



3.数值结果
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𝑁 = 0
|𝐽𝑃⟩𝑛 Dominate 𝑁 Dominate Components Our Exp. Ref. [37] Ref. [15] Ref. [39] Ref. [40] Ref. [41] Ref. [42]
|32
+⟩1 0 |𝜓0,0,3/2

3/2+ ⟩ 1672 1672 [5] 1635 1672 1678 1656 1675 1673

𝑁 = 1
|𝐽𝑃⟩𝑛 Dominate 𝑁 Dominate Components Our Exp. Ref. [37] Ref. [15] Ref. [39] Ref. [40] Ref. [41] Ref. [42]
|12
−⟩1 1 |𝜓1,1,1/2

1/2− ⟩ 1957 · · · 1950 1957 1941 1923 2020 2015
|32
−⟩1 1 |𝜓1,1,1/2

3/2− ⟩ 2001 2012 [9] 2000 2012 2038 1953 2020 2015

[5 ] (Particle Data Group), Phys. Rev. D 110, 030001 (2024)
[6 ] D. Aston et al., Phys. Lett. B 194, 579–585 (1987)

[10 ] (BESIII Collaboration), Phys. Rev. Lett. 134, 131903 (2025)
[15 ] M. S. Liu, K. L. Wang, Q. F. L¨u, and X. H. Zhong, Phys. Rev. D 101, 016002 (2020)
[37 ] S. Capstick and N. Isgur, Phys. Rev. D 34, 2809–2835 (1986)
[39 ] R. N. Faustov and V. O. Galkin, Phys. Rev. D 92, 054005 (2015)
[40 ] M. Pervin and W. Roberts, Phys. Rev. C 77, 025202 (2008)
[41 ] K. T. Chao, N. Isgur, and G. Karl, Phys. Rev. D 23, 155 (1981)
[42 ] Y. Chen and B. Q. Ma, Nucl. Phys. A 831, 1–21 (2009)

· · ·

•基态 Ω(1672) 为 Ω(1𝑆)
•Ω(1𝑃, 1/2−) 和 Ω(1𝑃, 3/2−) 的理论质量分别大
约位于 1.95和 2.0 GeV

•Ω(2012)的质量接近 Ω(1𝑃, 3/2−)
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𝑁 = 1
𝑀

𝑓
𝑏 (MeV) Ω|12

−⟩1 Ω|32
−⟩1

𝑀 𝑖
𝑏 (MeV) 1957 2001

Ξ(1𝑆)𝐾̄ 1314 21.9 5.8
Ξ(1𝑆)𝜋𝐾̄ 1314 0.0 0.3
Total 21.9 6.1

𝑚Ω(2012) = 2012.4 ± 0.7 ± 0.6MeV
ΓΩ(2012) = 6.4+2.5

−2.0 ± 1.6MeV

(Belle Collaboration), Phys. Rev. Lett. 121, 052003 (2018)

三体衰变分支比的测量：

RΞ𝜋𝐾̄
Ξ𝐾̄

=
B(Ω(2012) → Ξ(1530) (→ Ξ𝜋)𝐾̄)

B(Ω(2012) → Ξ𝐾̄)
< 11.9%

(Belle Collaboration), Phys. Rev. D 100, 032006 (2019)

RΞ𝜋𝐾̄
Ξ𝐾̄

= 0.99 ± 0.26 ± 0.06

(Belle Collaboration), Phys. Lett. B 860, 139224 (2025)

理论值：

RΞ𝜋𝐾̄
Ξ𝐾̄

=
B(Ω(2012) → Ξ(1530)(→ Ξ𝜋)𝐾̄)

B(Ω(2012) → Ξ𝐾̄)
≈ 0.05

M
as

s

Ω(2012)

Ξ∗ ഥ𝐾
∼2025 MeV
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𝑁 = 2
|𝐽𝑃⟩𝑛 Dominate 𝑁 Dominate Components Our Exp. Ref. [37] Ref. [15] Ref. [39] Ref. [40] Ref. [41] Ref. [42]

|12
+⟩1 2 +0.941|𝜓2,0,1/2

1/2+ ⟩ − 0.338|𝜓2,2,3/2
1/2+ ⟩ 2223 · · · 2220 2141 2301 2175 2190 2182

|12
+⟩2 2 +0.345|𝜓2,0,1/2

1/2+ ⟩ + 0.938|𝜓2,2,3/2
1/2+ ⟩ 2239 · · · 2255 2232 · · · 2191 2210 2202

|32
+⟩2 2 |𝜓2,0,3/2

3/2+ ⟩ 2164 2109 [10]? 2165 2159 2173 2170 2065 2078

|32
+⟩3 2 +0.463|𝜓2,2,1/2

3/2+ ⟩ − 0.886|𝜓2,2,3/2
3/2+ ⟩ 2232 · · · 2280 2188 2304 2182 2215 2208

|32
+⟩4 2 +0.887|𝜓2,2,1/2

3/2+ ⟩ + 0.461|𝜓2,2,3/2
3/2+ ⟩ 2284 · · · 2345 2245 2332 · · · 2265 2263

|52
+⟩1 2 −0.641|𝜓2,2,1/2

5/2+ ⟩ + 0.767|𝜓2,2,3/2
5/2+ ⟩ 2216 · · · 2280 2252 2401 2178 2225 2224

|52
+⟩2 2 −0.765|𝜓2,2,1/2

5/2+ ⟩ − 0.644|𝜓2,2,3/2
5/2+ ⟩ 2283 · · · 2345 2303 · · · 2210 2265 2260

|72
+⟩1 2 |𝜓2,2,3/2

7/2+ ⟩ 2230 · · · 2295 2321 2369 2183 2210 2205

• 𝑁 = 2 Ω的质量大约位于 2.1∼2.28 GeV
•Ω(2109) 的质量大约位于 𝑁 = 2（Ω(2𝑆)）的能区中
•Ω(2250) 是一个很好的 𝑁 = 2为主导的候选态
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𝑁 = 2
𝑀

𝑓
𝑏 (MeV) Ω|12

+⟩1 Ω|12
+⟩2 Ω|32

+⟩2 Ω|32
+⟩2 Ω|32

+⟩3 Ω|32
+⟩4 Ω|52

+⟩1 Ω|52
+⟩2 Ω|72

+⟩1

𝑀 𝑖
𝑏 (MeV) 2223 2239 2164 2109 2232 2284 2216 2283 2230

Ξ(1𝑆)𝐾̄ 1314 2.7 53.0 8.1 15.0 15.0 12.5 13.4 0.3 46.8

Ξ∗(1𝑆)𝐾̄ 1535 34.1 1.1 46.7 29.3 20.2 19.7 8.1 54.2 5.0

Ξ1(1𝑃, 3
2
−)𝐾̄ 1775 − − − − − 27.7 − 0.0 −

Ξ(1𝑆)𝐾̄∗ 1314 0.0 26.4 − − 4.4 19.7 0.0 0.0 0.0

Ω|32
+⟩1𝜂 1672 0.2 0.0 − − 0.5 6.2 − 19.8 0.0

· · · 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.5 0.0

Total 37.0 80.5 54.8 44.3 40.1 85.9 21.5 74.8 51.8

• 𝑁 = 2的 Ω激发态的理论宽度基本位于 20∼80 MeV
•Ω(2250) 的宽度位于该区间内
•Ξ𝐾̄、Ξ∗𝐾̄、Ξ𝐾̄∗占据较大的分支比
•Ω(2𝑆) 的理论宽度略高于 Ω(2109)，考虑到理论和实验的误
差，大体上能符合

ΓΩ(2250) = 55 ± 18 MeV
(Particle Data Group), Phys. Rev. D 110, 030001 (2024)

Ω(2109)的实验测量：
𝑚Ω(2109) = 2108.5 ± 5.2 ± 0.9 MeV,
ΓΩ(2109) = 18.3 ± 16.4 ± 5.7 MeV.

(BESIII Collaboration), Phys. Rev. Lett. 134, 131903 (2025)
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𝑁 = 3
|𝐽𝑃⟩𝑛 Dominate 𝑁 Dominate Components Our Exp. Ref. [37] Ref. [15] Ref. [39] Ref. [40] Ref. [41] Ref. [42]
|12
−⟩2 3 |𝜓3,1,1/2

1/2− ⟩2 2384 · · · 2410 · · · 2463 · · · · · · · · ·
|12
−⟩3 3 |𝜓3,1,3/2

1/2− ⟩ 2446 · · · 2490 · · · 2580 · · · · · · · · ·
|12
−⟩4 3 |𝜓3,1,1/2

1/2− ⟩1 2524 · · · · · · · · · · · · · · · · · · · · ·
|32
−⟩2 3 +0.932|𝜓3,1,1/2

3/2− ⟩2 − 0.362|𝜓3,1,3/2
3/2− ⟩ 2412 · · · 2440 · · · 2537 · · · · · · · · ·

|32
−⟩3 3 −0.305|𝜓3,1,1/2

3/2− ⟩1 + 0.340|𝜓3,1,1/2
3/2− ⟩2 2437 · · · 2495 · · · 2636 · · · · · · · · ·

+0.890|𝜓3,1,3/2
3/2− ⟩

|32
−⟩4 3 −0.692|𝜓3,1,1/2

3/2− ⟩1 − 0.386|𝜓3,2,1/2
3/2− ⟩ 2494 · · · · · · · · · · · · · · · · · · · · ·

+0.611|𝜓3,3,3/2
3/2− ⟩

|32
−⟩5 3 +0.662|𝜓3,1,1/2

3/2− ⟩1 + 0.750|𝜓3,3,3/2
3/2− ⟩ 2514 · · · · · · · · · · · · · · · · · · · · ·

|32
−⟩6 3 −0.942|𝜓3,2,1/2

3/2− ⟩ − 0.337|𝜓3,3,3/2
3/2− ⟩ 2570 · · · · · · · · · · · · · · · · · · · · ·

|52
−⟩1 3 |𝜓3,1,3/2

5/2− ⟩ 2431 · · · 2490 · · · 2653 · · · · · · · · ·
|52
−⟩2 3 |𝜓3,3,1/2

5/2− ⟩ 2445 · · · · · · · · · · · · · · · · · · · · ·
|52
−⟩3 3 −0.590|𝜓3,2,1/2

5/2− ⟩ + 0.807|𝜓3,3,3/2
5/2− ⟩ 2503 · · · · · · · · · · · · · · · · · · · · ·

|52
−⟩4 3 +0.797|𝜓3,2,1/2

5/2− ⟩ + 0.604|𝜓3,3,3/2
5/2− ⟩ 2536 · · · · · · · · · · · · · · · · · · · · ·

|72
−⟩1 3 −0.856|𝜓3,3,1/2

7/2− ⟩ − 0.517|𝜓3,3,3/2
7/2− ⟩ 2478 · · · · · · · · · 2599 · · · · · · · · ·

|72
−⟩2 3 −0.522|𝜓3,3,1/2

7/2− ⟩ + 0.853|𝜓3,3,3/2
7/2− ⟩ 2515 · · · · · · · · · · · · · · · · · · · · ·

|92
−⟩1 3 |𝜓3,3,3/2

9/2− ⟩ 2485 · · · · · · · · · 2649 · · · · · · · · ·

• 𝑁 = 3 Ω的质量大约位于 2.37∼2.58 GeV
•Ω(2380) 和 Ω(2470) 是很好的 𝑁 = 3为主导的候选态
• [6]报道了一个态 Ω(2561)，但没有收录到 PDG [5]中，也是一个很好的 𝑁 = 3为主导的候选态
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𝑁 = 3
𝑀

𝑓
𝑏 (MeV) Ω|12

−⟩2 Ω|12
−⟩3 Ω|12

−⟩4 Ω|32
−⟩2 Ω|32

−⟩3 Ω|32
−⟩4 Ω|32

−⟩5 Ω|32
−⟩6

𝑀 𝑖
𝑏 (MeV) 2384 2446 2524 2412 2437 2494 2514 2570

Ξ(1𝑆)𝐾̄ 1314 3.0 13.4 0.0 0.0 0.1 4.2 4.1 0.6
Ξ̃(2𝑆)𝐾̄ 1902 − 34.6 0.8 0.0 0.1 0.5 0.1 0.2
Ξ∗(1𝑆)𝐾̄ 1535 26.6 0.7 0.6 19.3 17.2 2.4 1.1 0.3
Ξ1(1𝑃, 1

2
−)𝐾̄ 1746 0.6 1.1 36.6 35.0 5.9 6.2 2.3 17.4

Ξ2(1𝑃, 1
2
−)𝐾̄ 1784 0.6 7.4 1.2 2.7 6.0 7.6 1.0 0.5

Ξ3(1𝑃, 1
2
−)𝐾̄ 1811 0.0 8.1 3.3 0.2 0.0 2.1 3.2 0.1

Ξ1(1𝑃, 3
2
−)𝐾̄ 1775 37.1 0.0 3.4 21.4 13.3 3.1 11.6 13.3

Ξ2(1𝑃, 3
2
−)𝐾̄ 1825 12.8 0.2 3.2 3.5 1.5 2.7 3.4 7.6

Ξ3(1𝑃, 3
2
−)𝐾̄ 1880 1.0 11.2 0.1 0.3 6.3 2.1 2.7 1.3

Ξ(1𝑃, 5
2
−)𝐾̄ 1840 0.4 0.4 0.1 21.8 26.2 0.8 0.3 0.2

Ξ1(1𝐷, 3
2
+)𝐾̄ 2015 − − 0.0 − − − 6.2 1.1

Ξ2(1𝐷, 3
2
+)𝐾̄ 2058 − − − − − − − 10.1

Ξ(1𝑆)𝐾̄∗ 1314 0.3 11.2 0.0 10.3 1.3 8.9 10.9 2.0
Ξ∗(1𝑆)𝐾̄∗ 1535 − 0.1 0.1 − 33.4 0.6 0.7 0.4
Ω|32

+⟩1𝜂 1672 7.5 0.9 0.0 6.9 3.2 1.3 2.0 0.5
Ω|12

−⟩1𝜂 1957 − − 2.5 − − − 0.2 2.9
Ω|32

−⟩1𝜂 2001 − − − − − − − 1.8
Ω|32

+⟩1𝜎 1672 1.4 0.7 0.0 3.3 0.3 1.4 2.7 0.9
· · · 0.0 0.0 0.1 0.0 0.0 0.1 0.4 0.3
Total 91.3 90.0 52.0 124.7 114.7 44.0 52.9 61.5
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−Continue.−
𝑀

𝑓
𝑏 (MeV) Ω|52

−⟩1 Ω|52
−⟩2 Ω|52

−⟩3 Ω|52
−⟩4 Ω|72

−⟩1 Ω|72
−⟩2 Ω|92

−⟩1
𝑀 𝑖
𝑏 (MeV) 2431 2445 2503 2536 2478 2515 2485

Ξ(1𝑆)𝐾̄ 1314 0.1 2.7 2.6 1.1 14.6 0.8 29.7
Ξ∗(1𝑆)𝐾̄ 1535 3.5 20.8 8.6 5.0 20.9 20.5 8.4
Ξ1(1𝑃, 1

2
−)𝐾̄ 1746 0.5 0.1 3.1 2.6 2.7 0.3 0.0

Ξ2(1𝑃, 1
2
−)𝐾̄ 1784 1.4 0.0 0.1 0.9 0.2 3.1 0.1

Ξ3(1𝑃, 1
2
−)𝐾̄ 1811 0.5 0.1 1.0 1.8 0.1 0.0 0.0

Ξ1(1𝑃, 3
2
−)𝐾̄ 1775 0.1 9.5 6.0 5.2 1.4 2.1 0.2

Ξ2(1𝑃, 3
2
−)𝐾̄ 1825 0.1 3.7 0.5 4.8 0.0 0.1 0.2

Ξ3(1𝑃, 3
2
−)𝐾̄ 1880 0.7 3.7 8.0 5.1 0.1 0.6 0.2

Ξ(1𝑃, 5
2
−)𝐾̄ 1840 5.2 1.6 1.8 1.0 5.9 20.5 1.4

Ξ1(1𝐷, 5
2
+)𝐾̄ 1974 − − 11.3 0.4 0.0 0.0 0.0

Ξ(1𝑆)𝐾̄∗ 1314 29.6 4.3 6.2 3.3 3.8 0.3 8.3
Ξ∗(1𝑆)𝐾̄∗ 1535 0.0 0.0 1.6 1.8 0.5 8.7 0.0
Ω|32

+⟩1𝜂 1672 3.6 3.4 5.0 3.2 4.5 19.9 0.7
Ω|32

+⟩1𝜎 1672 3.8 1.4 1.0 0.7 2.3 1.5 1.7
· · · 0.3 0.0 0.2 0.2 0.0 0.0 0.0
Total 49.4 51.3 57.0 37.1 57.0 78.4 50.9

• 𝑁 = 3的 Ω激发态的理论宽度范围较大（30∼120 MeV），但大部分
位于 40∼60 MeV

•Ω(2380)、Ω(2470)、Ω(2561) 的宽度位于表中区间内
•Ξ𝐾̄、Ξ∗𝐾̄、Ξ𝐾̄∗占据较大的分支比

ΓΩ(2380) = 26 ± 23 MeV
ΓΩ(2470) = 72 ± 33 MeV
(Particle Data Group), Phys. Rev. D 110, 030001 (2024)
ΓΩ(2561) = 124 ± 94 MeV
D. Aston et al., Phys. Lett. B 194, 579–585 (1987)



4.总结
• Ω(1𝑃, 1/2−) 和 Ω(1𝑃, 3/2−)的理论质量分别位于 1.95 GeV和 2.0 GeV；

• Ω(2109) 的质量位于 Ω(2𝑆) 的能区，Ω(2250) 是一个 𝑁 = 2 为主导的候选态，

Ω(2380)、Ω(2470)、Ω(2561) 为 𝑁 = 3为主导的候选态；

•我们建议通过 Ξ𝐾̄、Ξ∗𝐾̄、Ξ𝐾̄∗等过程寻找 Ω激发态。

谢谢各位批评指正
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