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LY, XH, PRD87,094002(2013) KL, LY, XH, QZ, PRD95,016010(2017)
LY, XH, PRD98,034004(2018) KL, YX, XH, QZ, PRD96,016016(2017)
ZY, LC, QF , LY, XH, PRD98,114023(2018)
KL, QF, XH, PRD99,014011(2019)
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Qi SN

State Experiment [1] [5] [4] [3] [8]

156,410,0,0,37) 1672.45 1678 1635 1694 1675
170,210,1,1,1) 1941 1950 1837 2020
70,710,1,1,%7) 2038 2000 1978 2020
70,210,2,0,17) 2301 2220 2140 2190
56.410,2, 2, 1%) 2255 2210
56,410,2,0,37) 2173/2304 2165 2282 2065
156,410, 2,2, %) 2280 2215
170,210, 2, 2, 2+) 2345 2265
|56,410,2,2,3) 2401 2280 .. 2295
|?{},31{}, ¥ §+} 2345 2265
|5ﬁ.‘1]{}‘ s 0 8 é+} 2332 2295 2210

LI-YE XIAO and XIAN-HUI ZHONG PHYS. REV. D 98, 034004 (2018)



Q(2012){EHJIP=3/2-897

L6 & K ZZ AR VLR 5 PALS e B K il R— 3

100

70.210,1,1,3/2

' [2(2012)] = 5.03 MeV,

_ B[Q(2012) - E°K7] LD
T B[Q(2012) » E°KY T T

1900 1850 2000 2050
MiMeV)

LI-YE XIAO and XIAN-HUI ZHONG

2100

PHYS. REV. D 98, 034004 (2018)



HE Q& SHIa=E R

JP=1/2- m,uaga IEE mr“ 15-18 MeV

I
18 =
[ 70,°10,1,1,1/2
— 12
>
L e e il BT A s g
- E — _ S o e
- -EQK' e B{1930)K
P e “2(1530)K" 2
- Totlal e =™
i | 0 l A | L
1900 1950 2000 2050 2100
M(MeV)

FEZTF =K, HAFSCIEmm !




HEQHASHIEREMR
HE RS HR SRR

B o T e e I L R B e

States Mass [8] I'=K] I'[E(1530)K] T[] e
170,210, 2,0,1/2%) 2190 0.01 2.39 2.40
56,410,2,0,3/2%) 2065 1.48 0.94 s 2.42
56,410,2,2,1/2%) 2210 48.8 4.09 529
156,410, 2,2,3/2%) 2215 244 14.0 384
56,10, 2,2,5/27) 2225 3.19 20.0 0.11 23.3
156,410, 2,2,7/2%) 2210 13.0 1.16 142
170,210, 2, 2,3/2%) 2265 3.82 10.8 1.56 16.2
70,10,2,2,5/2%) 2265 1.30 9.56 0.81 1.7

FelJB A3 POIRBIAR ¥ QR SHRZE ER

WANG, GUI, LU, XIAO, and ZHONG  PHYS. REV. D 98, 114023 (2018)
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LY, XH, PRD87,094002(2013)



SEFIGRIEIETE

TABLE XI. Comparison of theoretical predictions and experimental data for the masses of the = states (in MeV).

Experiment [1] Theory
o State Status Mass Our [20] [21] [22] [23] [24]
%JF = A 1321.71 = 007 1330 1305 1310 1348 1317 1303 £+ 13
1886 1840 1876 1805 1772 2178 & 48
1993 2040 2062 1868 2231 + 44
2012 2100 2131 1874 2408 + 45

2091 2130 2176
2142 2150 2215
2367 2230 2249

3t =(1530) it 1531.80 = 0.32 1518 1505 1539 1528 1552 1553 £ 18
1966 2045 1988 1653 228+ 4
2100 2065 2076 2398 + 52
2121 2115 2128 2574 £ 52

2122 2165 2170
2144 2170 275
2149 2210 2219
2421 2230 2257

A 2108 2045 2013
2147 2165 2141
2213 2230 2197

2189 2180 2169

Faltn

[ .
+

R.N. FAUSTOV AND V. O. GALKIN PHYSICAL REVIEW D 92, 054005 (2015)
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TABLE XI. Comparison of theoretical predictions and experimental data for the masses of the = states (in MeV).
Experiment [1] Theory

i State Status Mass Our [20] [21] [22] [23] [24]

- 1682 1755 1770 1716 + 43
1758 1810 1922 1837 + 28
1839 1835 1938 1844 + 43
2160 2225 2241 2758 £ 78
2210 2285 2266
2233 2300 2387
2261 2320 2411

%‘ 1764 1785 1780 1792 1861 1894 £ 38

=(1820) ha 1823 1+ 5 1798 1880 1873 1971 1906 + 29

1904 1895 1924 2426 £ 73
2245 2240 2246 2497 + 61
2252 2305 2284
2350 2330 2353
2352 2340 2384

%‘ 1853 1900 1955 1881
2333 2345 2292
2411 2350 2409

%‘ 2460 2355 2320
2474 2425

%‘ 2502 2505

R.N. FAUSTOV AND V. O. GALKIN

PHYSICAL REVIEW D 92, 054005 (2015)
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5= (1530 ) (ESAN | ESH

4

TABLE II. The partial and total decay widths (MeV) of the

well-established baryons Z=(1530),

3,(1385),

and A(1232),

which correspond to the same representation [56,% 10, 0O, f].%i =
The experimental data are obtained from PDG.

State Channel ot E. .

=(1530)° =t 5.6 9.1 (input) 9.1 = 0.5
E{}TT{} 3.5

=(1530)" =k 7. 10.3 9g9t+17
= 3.2

S(1385)" PR L 1.9 N | 36 = 0.7
30+ i:5
APt 237

T(1385)° St 1.8 27.9 36 + 5
> gt 1.3
AO70 24.8

3(1385) o 1.7 28.7 394 + 2.1
307 1.8
APq— 25.2

Li-Ye Xiao, XH Zhong, PRD87,094002

11



=(1690) Jr=1/2-

=(1690)° WIDTH =
. e o =(1690) DECAY MODES
10+ 6 1400
Mode Fraction (I';/T)
44423 175 =
20+ 4 183 N AK e
r2 LK seen
=(1690)— WIDTH I, =n —
VALUE (MeV) as Eevis |r, == gtg0
<4§i - 99 123 ['s =—ata possibly seen
ek e e =(1530)w
TABLE III. The total and partial decay widths (MeV) of

=(1690) with different J© = 1/2~ assignments.

Assignment =5 ; - AK S(1530)m T
7048 1,1, 17) 3.69 2230 22.15 0.005 48.14
170,8,1,1,1 ) 5905 558 2215 0.001 86.78
[0~ 10,1, 1.2+ 369 1.39 5.54 0.005 10.63

12



=(1820) 3/2~

I(JP) = 1(37) Status: k%%

The clearest evidence is an 8-standard-deviation peak in AK™ seen
by GAY 76C. TEODORO 78 favors J = 3/2, but cannot make a
parity discrimination. BIAGI 87C is consistent with J = 3/2 and
favors negative parity for this J value.

TABLE VI. The predicted total and partial decay widths
(MeV) and partial decay width ratios of =(1820) as the
70,8, 1, 1,2 ) assignment compared with the experimental

data of ALITTI 69 [55].

Chamnel — TF Tl Tof il rtle
Bar 20 328 24*1 009 0.1 £ 0.1
3K 10.6 032  0.30=0.15
AK 7.3 022  0.30x0.15
=(1530)7 120 037  0.30%=0.15

13



™= (1950) ? ?

We list here everything reported between 1875 and 2000 MeV. The
accumulated evidence for a = near 1950 MeV seems strong enough
to include a =(1950) in the main Baryon Table, but not much can
be said about its properties. In fact, there may be more than one =
near this mass.

=(1950) WIDTH
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
60420 OUR ESTIMATE
68+22 ADAMOVICH 99B WAS89 3 — nucleus, 345 GeV
100+31 129 BIAGI 87 SPEC =—Be —
(Z—7H)r—X
25415412 63 BIAGI 87C SPEC =—Be — (AK?) X
60+ 8 150 BIAGI 81 SPEC SPS hyperon beam
159 £57 139 BRIEFEL 77 HBC 287K p—
=—atX
87426 44 BRIEFEL 77 HBC 287K p— =07—X
6039 56 BRIEFEL 77 HBC =(1530)7
6378 DIBIANCA 75 DBC ==
38+10 ROSS 73C (Em)~
35+11 29 BADIER 72 HBC =x, =77, YK
5626 21 GOLDWASSER70 HBC ==
98+23 66 DAUBER 60 HBC =nx
8040 27 ALITTI 68 HBC =—gxT
140+35 35 BADIER 65 HBC =—gT



™= (1950) ? ?

We list here everything reported between 1875 and 2000 MeV. The
accumulated evidence for a = near 1950 MeV seems strong enough
to include a =(1950) in the main Baryon Table, but not much can
be said about its properties. In fact, there may be more than one =
near this mass.

=(1950) WIDTH
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
60420 OUR ESTIMATE
68+22 ADAMOVICH 99B WAS89 3 — nucleus, 345 GeV
100+31 129 BIAGI 87 SPEC =—Be —
(Z—7H)r—X
25415412 63 BIAGI 87C SPEC =—Be — (AK?) X
60+ 8 150 BIAGI 81 SPEC SPS hyperon beam
159 £57 139 BRIEFEL 77 HBC 287K p—
=—atX
87426 44 BRIEFEL 77 HBC 287K p— =07—X
6039 56 BRIEFEL 77 HBC =(1530)7
6378 DIBIANCA 75 DBC ==
38+10 ROSS 73C (Em)~
35+11 29 BADIER 72 HBC =x, =77, YK
5626 21 GOLDWASSER70 HBC ==
98+23 66 DAUBER 60 HBC =nx
8040 27 ALITTI 68 HBC =—gxT
140+35 35 BADIER 65 HBC =—gT



= (1950) Jr=5/2-

TABLE VIII. The total and partial decay widths (MeV) of the well-established four-star baryons N(1675), 3(1775), and A(1830),
which correspond to [70,%8, 1, 1,5 ). The data are obtained from PDG.

Assignment Channel > Gl i 1"}:,'- - | [{‘T;jlcxp
N(1675)2 nw 253 81 130 ~ 165 0.31 0.35-0.45
) Az 50.6 ... s 0.62 0.50-0.60
Ny 58 0.07 0.01
3(1775)2 S 8.0 76 105 ~ 135 0.11 0.02-0.05
) A 19.1 . an 0.25 0.14-0.20
nk 32.1 . .. 042 0.37-0.43
3(1385) 7 48 ... i 0.06 0.08-0.12
A(1232)K 10 0.01
A(1520) 7 112 0.14 0.17-0.23
A(1830)3 S 522 04 60 ~ 110 0.55 0.35-0.75
' S(1385) 7 417 045 >0.15
2(1950)32 = 7133 105 80 + 40 0.68
) 539 ' 7.8 - 0.07
AK 136 0.13
2(1530)7 109 0.10
S(1385)K iZ 0.01

ERETESEERTEH—FIK , AN ZRER!

16




= (1950) JP=5/2+

TABLE IX. The total and partial decay widths (MeV) of the well-established four-star baryons N(1680), Z(1915), and A(1820),
 state. The data are obtained from PDG.

&

which are considered the pure |56,% 8, 2, 5

Assignment Channel I | ot By {j I 1_1117 bori
N(1680) 3" nir 38.0 59 120 ~ 140 0.64 0.65-0.70
i A7 21.0 0.36 ‘e
N7 0.4 0.01 0.0-0.01
AK 0.03 0
3(1915)3" NEK 1.2 63 80 ~ 160 0.02 0.05-0.15
' A 10.4 0.16
S 26.7 0.42
S(1385)7 6.2 0.10
A(1232)K 18.4 . 0.29 e
A(1820) 3 NK 14.8 30 70 ~ 90 0.49 0.55-0.65
) S 5.8 0.19 0.08-0.14
S(1385)7 0.8 0.32
=(1963)2 =L 1.0 19 25+ 15 0.05
) SK 9.2 0.48
AK 0.8 0.04
=(1530) 7 5.2 0.27
3(1385)K 25 0.13
P —— Sapke o —
BESEFEERTTEH—TTK!

17



= (1950) JP=5/2+

TABLE IX. The total and partial decay widths (MeV) of the well-established four-star baryons N(1680), Z(1915), and A(1820),

which are considered the pure |56,% 8, 2, 2%

) state. The data are obtained from PDG.

Assignment Channel I ey B Fl;m Iy l{j o
N(1680)% nir 38.0 59 120 ~ 140 0.64 0.65-0.70
i A 21.0 0.36 ‘e
N7n 0.4 0.01 0.0-0.01
AK 0.03 0
S(1915)2 NEK 12 63 80 ~ 160 0.02 0.05-0.15
i A 10.4 0.16
S 26.7 0.42
3(1385) 7 6.2 0.10
A(1232)K 18.4 .. 0.29 e
A(1820)3 NK 14.8 30 70 ~ 90 0.49 0.55-0.65
) Sa 5.8 0.19 0.08-0.14
3(1385)7 0.8 " 0.32
=(1963)2" =L 1.0 19 25 + 15 0.05
' 3K 9.2 0.48
AK 0.8 0.04
=(1530) 7 5.2 0.27
S (1385)K 2.5 0.13

BT I KEFEERTEH—ES
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KL, LY, XH, QZ, PRD95,016010(2017)
KL, YX, XH, QZ, PRD96,016016(2017)

KL, QF, XH, PRD99,014011(2019)
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LHCbaJAZ I

400

EAQ'Eaalb‘ °
PRL1 1 8 182001 (201 7)

% 300 |-
S 200
f—c—‘% -
— 100}
e 3000 3100 3200
(=K D) [MeWV]
Resonance Mass (MeV) [' (MeV)
Q_(3000)° 30004 £0.2+0.11)7 45406403
Q,.(3050)° 3050.2 0.1 £0.1%2 08+02+0.1
<1.2 MeV, 95% C.L.
Q,(3066)" 3065.6 + 0.1 + 0.37)3 35404 +0.2
Q.(3090)" 3090.2 + 0.3 £ 0.555 87+10+0.8
Q.(3119)° 3119.1 £ 0.3 £0.97)3 1.1+08+04

20



SRR s NQCHAES

4 1
S, 1/2

ELS

3200-

Mass (MeV)

3100
3000
2900
2800
2700
2600

2500

P 112

7

P 112 %P 3/2° 'P,3/2 'P,5/2

A

T/"ﬁii

‘S 1/2%,
1|
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B F =T ERNS iR B ES

120 - - -[1P_ 1/2>, (3020) g _ g
ool IR VD, @m0 | LT TN
Jl—NhP 1/27, (3000)| 7

Width (McV)
o [#s]
-

PRD95,116010 ( 2017 )

1_

lPA%_> — —|—C05(4€>)‘]3Pj§ > + sin(¢)
|

1_
4 —
148 >

ol 1P~ ) = —sin(@)[12Ps ) + cos(@)|14P,=
201\ 2T, l 2 ‘ a3
0i— = __
50 80 40 20 0 20 40 60 80
¢ (degree)

State Mass N=.K) MNZ.K) ot By
1P;5), 3000 4.0 4.38/4.28 454+0.9
14Pi%‘} 3050 0.61 0.94 0.8+03
I°P;37) 3066 4.61 4.96 35+04
14Pi%—} 3090 9.32 0.03 9.53 87+18

22



Q RVFRZER ? GERFEIMEL] ?

TABLE X. Partial widths for the strong and radiative decays of the €2, baryons.
State Mass (MeV) [24] F[EbK] (MeV) T[ﬂ;j}*] (keV) F[Q;;y] (keV) [N (MeV)
1Q,55) 6088 o 0.09 s -
|Q;}’P‘,L—) 6339 49 .38 154 1.49 49.53
|£1,-;P ; ) 6340 1.82 83.4 1.51 1.90
|£1;;‘P % ) 6330 94 .98 (.64 00.23 95.08
|£1,;‘P % ) 6331 0.22 1.81 70.68 0.29
|Q;}4P % ) 6334 1.60 1.2 63.26 1.66
- ' | ' | b | | = | ' | ' |
- = = |ﬂh P1/2°> — - — |2 P32
" 1.6 - 2 : —
140 | —— |ﬂh P1/2°>_ — |ﬂh P3/27>
~y - i
m GIE o ]
=
£r  TO PRD96,116016 ( 2017 ) | :
™ -~ --_-_-_'_'“—-—-—____________
T e 1 0.0-
G ) e e - s = -
T 1 T T T T T T T
O  § 14 21 28 35 0 (5] 12 18 24
¢ (degree) ¢ (degree)
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TABLE V. Partial widths (MeV) and branching fractions for the strong decays of the 1P-wave states in the . and

ReEa T Elftdi] ?

2, families.

i’ 2% T, states  Channel T; (MeV) B; L, states  Channel T, (MeV) B;

|2P,17) X.(2713) A 6.49 28.65%  Z,(6101) Apm 1.74 7.68%

) Yz 16.08 70.99% Y, 19.26 85.00%

in 0.08 0.35% Ik 1.66 7.33%
total 22.63 total 22.66

|3P;;‘) %.(2798) A 22.53 61.73%  Z,(6096) Apr 29.31 74.60%
Y 1 8.84  2422% X, 7 481 12.24%
bIE 513 14.05% Zin 517 13.16%
total 36.5 total 39.29

14P,4) %(2799) An 6.66  37.78%  X,(6095) Ay 4.00 28.15%
X.n 10.30 58.42% % 4 9.50 66.85%
Xom 0.67 3.80% X 0.71 5.0%
total 17.63 total 14.21

|*P,27) 2.(2773) A 3.62 14.66%  Z,(6087) Apm 5.38 20.46%
.7 0.29 1.17% Y,z 0.20 0.76%
Xom 20.78 84.16% I 20.71 78.78%
total 24.69 total 26.29

1*P,37) X.(2789) A.n 25.03 75.35%  Z,(6084) Aym 31.38 81.85%
Y 2.29 6.89% X, 7 1.09 2.84%
Xm 3.90 17.76% IR 3.77 15.05%
total 33.22 total 38.34

24



LHCb & IMFREZ, (6097), PEIRIEE ?

X, (6097)F] = 31.0 4+ 5.5+ 0.7 MeV.
[[%,(6097)] =289 +4.2 + 0.9 MeV,

A~ I : : . I
>
e S0E ms s A0 LHA(gb
i T
O 400 B - A (c) A,
~ 350 + .3
7 a00E WZ,(6097) - Ay A
Q
:_cés 250 ---Background
'C% 200
o 150 ;
100 ’ '
50 Wz =
o o
0 200 400 600
O [MeV]

Phys.Rev.Lett. 122 (2019) no.1, 012001 s



c*u bEIJE' s'I.E,ﬁ

TABLE VIII. Partial widths (MeV) and branching fractions for the strong decays of the 1 P-wave states in the =/,

and = families.

ReEa Tt ?

s SV State Channel I'; (MeV) B; State Channel I; (MeV) B;

12P,L) =/ (2936) AK 7.11 3281% E,(6233) ALK 12.11 44 77%
) B 3.90 18.00% B, 4.77 17.63%
=.(2580)x 10.08 46.52% B 9.23 34.12%
= (2645)n 0.58 2.68% =} (5945) 0.94 3.48%

total 21.67 total 27.05
12P.3) E/(2935) AK 3.73 17.86% =, (6234) A K 4.14 17.14%
B 10.85 51.94% By 14.91 61.74%
= (2580)x 3.89 18.62% B\ 2.37 9.81%
=.(2645)n 2.42 11.58% =, (5945)x 2.73 11.30%

total 20.89 total 24.15
|4P, 1) E(2854) AK 18.56 50.09% =} (6227) ALK 17.28 53.60%
B 15.02 40.54% B,7 10.01 31.05%
=.(2580)x 3.44 9.28% B 4.54 14.08%
=.(2645)n 0.03 0.07 =1(5945)x 0.41 1.27%

total 37.05 total 32.24
1*P,27) 51(2912) AK 0.50 4.06% E,(6224) ApK 0.98 6.19%
) B 1.70 13.79% By 2.67 16.87%
=.(2580)x 0.13 1.05% Ein 0.10 0.63%
= (2645)n 10.00 81.10% = (5945)x 12.08 76.31%

total 12.33 total 15.83
14P,2) 5/(2929) AK 4.06 20.10% E,(6226) ALK 4.20 17.22%
i B 12.24 60.59% By 16.37 67.12%
=.(2580)% 1.06 5.25% B 0.60 2.46%
=.(2645)n 2.84 14.06% B! (5945)x 3.22 13.20%

total 20.2 total 24.39

26



LHCb&ZIFhS=,(6227), PEFRiEE ?

[":E,}{ﬁﬂl?)_] = 18.1 454 4+ 1.8 MeV.

LHCb Full fit

| V5=7,8 TeV —— 2,(6227) - A(—Acn K

‘E I Combinatorial
% 200 +
2 I
o) - ++rl¥hlfAi l++
= +
(= 100
e I
O
S i
©
O |

1 ' : I I I I I | I |

500 600 700 800 900
M(AgK_) _ M(Ag) [MeV/c?]

Phys. Rev. Lett. 121, 072002 (2018).
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