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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.
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N=0

|JF), Dominate N Dominate Components ~ Our Exp. Ref. [37] Ref. [15] Ref.[39] Ref. [40] Ref.[41] Ref. [42]

ey 0 [ 1672 1672[5] 1635 1672 1678 1656 1675 1673
N=1

g™ Dominate N Dominate Components Our Exp. Ref. [37] Ref. [15] Ref. [39] Ref. [40] Ref. [41] Ref. [42]

Enl 1 w15 1957 1950 1957 1941 1923 2020 2015

370 1 w3y 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)

o HLZX Q(1672) Sk Q(1S)

e Q(1P,1/27) 1 Q(1P,3/27) By i 543 5l K

2300 1.95 F1 2.0 GeV

15] M. S. Liu, K. L. Wang, Q. F. L"u, and X. H. Zhong, Phys. Rev. D 101, 016002 (2020)

371 S. Capstick and N. Isgur, Phys. Rev. D 34, 28092835 (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)

411 K. T. Chao, N. Isgur, and G. Karl, Phys. Rev. D 23, 155 (1981)
421Y. Chen and B. Q. Ma, Nucl. Phys. A 831, 1-21 (2009)

e Q(2012) Wy s Q(1P,3/27)
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N=1

| M} (MeV) Qi QB
M! (MeV) 1957 2001
E(18)K 1314 21.9 5.8
E(1S)nK 1314 0.0 0.3
Total 21.9 6.1

—ARTEA S I

=i B(Q(2012) — E(1530)(— Em)K)
EK B(Q(2012) — EK)
(Belle Collaboration), Phys. Rev. D 100, 032006 (2019)

R < 11.9%

RETK = 0.99 + 0.26 + 0.06
(Belle Collaboration), Phys. Lett. B 860, 139224 (2025)

mg2012) = 2012.4 + 0.7 + 0.6 MeV
FQ(2012) = 64t%?) + 1.6 MeV

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

PHIBAE :
RETK _ B((2012) — :(1530)(_—> Er)K) . 0.05
=K B(Q(2012) — EK)
A

~2025 MeV B

al ~——---------- =*K

(3¢

= O
Q(2012)
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N=2

|JP), Dominate N Dominate Components Our Exp. Ref. [37] Ref.[15] Ref.[39] Ref.[40] Ref.[41] Ref. [42]
Y 2 +0.9411y 1 3!%) - 03381y 15Y%) 2223 2220 2141 2301 2175 2190 2182
My, 2 +0.345]y7 %) +0.938ly1 527 2239 2255 2232 2191 2210 2202
3, 2 Vvt 2164 2109 [10]? 2165 2159 2173 2170 2065 2078
3, 2 +0.463|y3 750 %) - 0.886ly5 %) 2232 2280 2188 2304 2182 2215 2208
3% 2 +0.887|y5 5% +0.4611y5 577 2284 2345 2245 2332 2265 2263
N 2 —0.6411y570 %) + 0.767y3 %) 2216 2280 2252 2401 2178 2225 2224
3 2 —~0.7651y3 5.7 — 0.6441y3 507 2283 2345 2303 2210 2265 2260
) 2 ) 2230 2295 2321 2369 2183 2210 2205

o N =2 Q B ERANTF 2.1~2.28 GeV
¢ Q(2109) B KRANT N =2 (Q(2S)) HEEXH
¢ Q(2250) 2 MRIF N = 2 EFH Rk
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N =2

M{MeV)  QIF) Q3 Q) Q) Q) QN Qi Q) Q)

Mi (MeV) 2223 2239 2164 2109 2232 2284 2216 2283 2230
2(18)K 1314 2.7 53.0 8.1 150 150 125 134 0.3 46.8
E(18)K 1535 34.1 1.1 46.7 293 202 197 8.1 54.2 5.0
21(1P,3)K 1775 - ~ - - - 27.7 - 0.0 —
2(18)K* 1314 0.0 26.4 - - 4.4 19.7 0.0 0.0 0.0
Q13 iy 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 370 805 548 443 401 859 215 748 518

o N =2 ) Q WA SRYHNE S JERAALT 20~80 MeV
o Q(2250) By 5E BE AT XA

r—
o =K.

E'K. EK* LIRS

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

Q(2109) Hy L5 & -

o Q(28) MYHIE SEEEMS = 1 Q(2109), 75 B 2| BIE A SL g 1 2

22, K LA

<V A

ZH N =]

mg2109) = 2108.5 £5.2 + 0.9 MeV,

Fg(zmg) =18.3+16.4+ 5.7 MeV.
(BESIII Collaboration), Phys. Rev. Lett. 134, 131903 (2025)
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P . N =
|J _ )» Dominate N Dominate Components 3
5 )2 3 VRN Our EBxp. Ref [37] Ref [I5] Ref.[39] Ref.[40
— 1 - . ]
3 ) 3 > 123/2> 2384 2410 2163 1 Ref. [41] Ref. [42]
1~ 12 2446
5 3,1,1/2 2490 .
:5_;4 : W”z_/ s 2524 2580
32 3 +0. 3,1,1/2
o 925"y = 0.3620p55"" 2412 2440
2 3 3 ~0.305]w>11/2y, +0.340y> i a 2537
Wop W5)p- 02 2437 2495
+0.89O|¢3’/2’_ ) 2636
|%_>4 3 0 3,1,1
—-0.6 L1720 2,
92|*//§/323/2>1 0.386l32"%) 2494
|3_> +O.611|¢/3’/2; )
575 3 +0. 3,1,1/2
- 21 3,3.3/2
3N 3 3,1 3/2|W3/2_ ) 0337"’//3/2—/ ) 2570
57 W ) 2431
13 )2 3 |¢331/2 2490 265
3 )3 3 o >321/ 2445 .
2 —0. 2,1/2
) S90ly3 %) + 0.807152"%) - 2503
2 ; (0797101517 40,6041y 5
17 32 U,y 2536
2! ; 0856l - 05171y
) 72 wrs?) 2478
2 /2 3 -0. 522|¢3 -3, 1/2> +0.853[y> 532 2599
|%_>1 3 |¢333/2> ' ‘”7/2— ) 2515
2/2 2485
2649

o N =3 Qi ERANT 2.37~2.58 GeV

ﬂ N l ] JN
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N =3

| M MeV) Q) Qs Qs Qi) Q) Qe Qs Qe

M (MeV) 2384 2446 2524 2412 2437 2494 2514 2570
E(18)K 1314 3.0 13.4 0.0 0.0 0.1 4.2 4.1 0.6
2(28)K 1902 — 34.6 0.8 0.0 0.1 0.5 0.1 0.2
E*(18)K 1535 26.6 0.7 0.6 19.3 17.2 2.4 1.1 0.3
21(1P, 4K 1746 0.6 1.1 36.6 35.0 5.9 6.2 2.3 17.4
Er(1P, 1)K 1784 0.6 7.4 1.2 2.7 6.0 7.6 1.0 0.5
23(1P, 1)K 1811 0.0 8.1 3.3 0.2 0.0 2.1 3.2 0.1
21(1P,3)K 1775 37.1 0.0 3.4 21.4 13.3 3.1 11.6 13.3
E(1P,3)K 1825 12.8 0.2 3.2 3.5 1.5 2.7 3.4 7.6
B3(1P,3)K 1880 1.0 11.2 0.1 0.3 6.3 2.1 2.7 1.3
E(1P,3)K 1840 0.4 0.4 0.1 21.8 26.2 0.8 0.3 0.2
2(1D,3"K 2015 - - 0.0 — - - 6.2 1.1
E,(1D, 3K 2058 - - - — - - - 10.1
2(1S)K* 1314 0.3 11.2 0.0 10.3 1.3 8.9 10.9 2.0
E*(18)K* 1535 - 0.1 0.1 - 33.4 0.6 0.7 0.4
Q12N 1672 75 0.9 0.0 6.9 3.2 1.3 2.0 0.5
QI3 hn 1957 - - 2.5 — - - 0.2 2.9
Q2 n 2001 — — - — — — — 1.8
QiENo 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 (MeV) Q2 ) Q2 ) Q2 ); Q2 4 QI QI ) Q3 )
M! (MeV) 2431 2445 2503 2536 2478 2515 2485
5(18)K 1314 0.1 2.7 2.6 1.1 14.6 0.8 29.7
=55 (15)K 1535 3.5 20.8 8.6 5.0 20.9 20.5 8.4
2i1(1P,i)K 1746 0.5 0.1 3.1 2.6 2.7 0.3 0.0
E, (1P, 1)K 1784 1.4 0.0 0.1 0.9 0.2 3.1 0.1
E5(1P, 1)K 1811 0.5 0.1 1.0 1.8 0.1 0.0 0.0
Ei(1P,3)K 1775 0.1 9.5 6.0 5.2 1.4 2.1 0.2
E(1P,3)K 1825 0.1 3.7 0.5 4.8 0.0 0.1 0.2
E3(1P,3)K 1880 0.7 3.7 8.0 5.1 0.1 0.6 0.2
2(1P,3)K 1840 52 1.6 1.8 1.0 5.9 20.5 1.4
2(1D,3")K 1974 - - 11.3 0.4 0.0 0.0 0.0
5(18)K* 1314 29.6 4.3 6.2 3.3 3.8 0.3 8.3
=55 (15)K* 1535 0.0 0.0 1.6 1.8 0.5 8.7 0.0
Q12N 1672 3.6 3.4 5.0 3.2 4.5 19.9 0.7
QMo 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

o N =3 1 Q BUASHIIIE

fiF 40~60 MeV

* Q(2380). Q(2470). Q(2561) iy 5eZAr 2P X TE] A
E'K. EK* HHERERIY I

—
o =K.

S
D,

Ju

JEFERIR (30~120 MeV) , {HAHRSY

FQ(238()) =26 + 23 MeV
FQ(2470) =72 + 33 MeV

(Particle Data Group), Phys. Rev. D 110, 030001 (2024)

FQ(2561) = 124 + 94 MeV
D. Aston et al., Phys. Lett. B 194, 579-585 (1987)
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4. 45

e Q(1P,1/27) F1 Q(1P,3/27) pyHg it 7 AT 1.95 GeV 1 2.0 GeV;

e Q(2109) WyEALT Q(25) HIREX, Q(2250) &—~ N = 2 JETFHIRIERS,

Q(2380). Q(2470). Q(2561) H N =3 £ SIEIER:

o ATHENGHE T BER. B*K . BEK* Z T4k Q B e,

WA A PRSI
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