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m = (2334.7 + 7.9 & 16.0) MeV,

I'=206.3+9.5+ 18.4, (1)
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m = (1721.0 + 524y, & 34gys.) MeV,
I = (3134 18.3¢ & 15.445) MeV,  (2)
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Table 1. The bases used in this work.
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o) Byl by by by byl by e, by
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2 2
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%2 ATAEEANSIBRISE. 9 RR%SEE 3O [19,20) —3K
Table 2. The parameters of the potential model used in this work. “*” imply that the values are consistent with Refs.[19,20].
m,, = 0.220 GeV * m, = 0.419 GeV * m, = 1.628 GeV * my = 4.977 GeV *
ay, = {0.25,0.15,0.20}* - {1/2, V572, 5@}*
b = 0.140GeV? c = —0.204GeV oo = 2.252GeV s = 0.809
€cont = —0.143 €ens = 0.381 Cso(w) = 0.062 Cao(s) = 0.447 ecoul = 0
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3 A D, E BRI EIS S SE R L. B MeV

Table 3. The comparisons of theoretical and experimental values for the mass spectra of A, 3, and = in units of MeV.

A % =
BL NN PDG BL NS PDG PO ME PDGP!
1+
‘5 s 1S> 1117 1115.683 + 0.006 1170 1189 1300 1315
1+
5 QS> 1662 1570-1630 1714 1640-1680 1841
1+
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2053 2056 2178
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1942 2070 + 24 1996 2060-2120 2127
1999 2001 2134
2007 2029 2158
2028 2046 2173
2065 2084 2213
2089
5+
'5 ,D-Wave> 1851 1815-1825 1944 1900-1935 2039
2007 2050-2130 2012 2020-2100 2139
2050 2051 2172
2073 2055 2181
2123 2068 2196
7+
'5 s D—wave> 2094 2020 2040 2025-2040 2166
2103 2214
1= +1.3
5 1P 1487 1405.17779 1616 1600-1650 1758 16207
1600 1670-1678 1657 1700-1800 1796 1690 £ 107
1671 1750-1850 1692 1825
3-
’5 s 1P> 1541 1518-1520 1669 1580 1800 1823 £ 5
1643 1685-1695 1712 1665-1685 1844
1724 1736 1866
5—
’5 s 1P> 1785 1820-1830 1767 1770-1780 1902

i 2 BRI 33(2330) 11, J5 o 22 P AT 13153 Y TR EXMELL 54 TAER 2B (E 3T i, &
RE X, TR B B TAE P, Al Lh22iiF 5% 2P #l i F 1S M 2s Z ), LT D A, FkTEEL
A, BOE HAL S M R B, TR FYERIE TAERIATHISE.
(2330)?%}6’]7()%5%? Xt ¥ 2(1720) B, 38

170201-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 17 (2026) 170201

231 A(2325)
[ A(2070) A(2080)
2.1 A(2110) : D $A(2050) ®
D b D A (2085)
5 1.9 $A(1890) A(1830)
) A(1810) =A(1820) IA(ISOO) =
|} . 1P
> L7t !A(lﬂ% A(1670) FA(1690)
3 $A(1600) 1P !
E 1.5F * A(1520)
A(1405)
13l A(1380)
[ —e—15
1.1 Y
1+ 3 5% T 1~ 3- 5°
2 2 2 2 2 2 2

K1 AMBTRES. ML R R BNe A, B AR RS E
HCE, 0 TS0 B B, AR R RO, Ll
I H PDGP!

Fig. 1. The mass spectrum of A. The short horizontal lines
represent the theoretical values, while the dots denote the
experimental central values. For cases with larger experi-
mental mass ranges, we use short vertical bars. The experi-

mental data are taken from PDG,
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Fig. 2. The mass spectrum of . The mass of 3(2330) is
taken from the BESIII experimental valuel”), and other con-

ventions are the same as in Fig. 1.
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Fig. 3. The mass spectrum of =. The mass of E(1720) is
taken from the BESIII experimental valuel®, and other con-

ventions are the same as in Fig. 1.
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D W, B~ TP AR, FRATEE R, B
TXF b AR R U, U HGR SO, b X R

~ flay, - @, )+0x; (19)

(;.’El'

Ty

Y

170201-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 17 (2026) 170201

4 SRR +5% WE-B% B2, i MeV. X B " FRZSETHX — M ERNEEH, ~ 40~ -0
TRYEXHE/NT 0.1 MeV. [JF, L)1 FrRiZiFEOS R PUE FA st T, B & 1 5l

Table 4.  Mass differences when varying the parameters by +5% and —5% in units of MeV. Here, “-” indicates that this
parameter does not affect the state; “~ +0” and “~ —0” indicate absolute values less than 0.1 MeV. |J¥,L); denotes

the lowest mass value among the states with the corresponding orbital angular momentum quantum numbers.

b o0 s €cont €tens €so(v) €s0(s)
1+
A 3 7IS> +52.8 —12.5 —0.1 —13.8 — — —
1+
A 3 ,28> +79.4 —10.9 —0.1 —11.4 — — —
1+
A 5 ,D> +85.4 —5.3 —0.1 —4.1 ~ +0 +0.1 —0.2
1
3+
A 5 ,D> +85.9 —7.4 —0.1 —11.4 ~ 40 +0.6 —1.5
1
5+
A 3 ,D> +85.8 —6.8 ~ —0 —-10.7 ~ —0 —0.3 +1.5
1
7+
A 5 ,D> +96.7 —1.5 ~ =0 +0.7 +0.1 —1.2 +2.6
1
1-
A 5 ,P> +69.2 —9.7 —-0.1 —12.4 ~ 40 +1.2 —2.4
1
3—
A 3 ,P> +70.1 7.9 —0.1 —11.6 ~ =0 —0.5 +1.1
1
5—
A 5 ,P +80.7 —2.2 ~ —0 +1.5 +0.1 —1.1 +1.7
1
1+
% 3 ,1S> +53.4 —10.0 —0.1 —5.4 — — —
1+
% B ,2S> +80.8 —8.9 —0.1 —4.3 — — —
1+
% 3 7D> +89.7 —2.7 ~ —0 —0.5 +0.1 +0.1 —0.2
1
3+
by 5 ,1s> +63.4 —-3.8 ~ =0 +4.3 — — —
3+
% 5 ,QS> +87.4 —3.7 ~ —0 +4.1 — — —
3+
% 3 7D> +87.3 —3.7 ~ —0 —-3.3 ~ +0 +0.8 —2.3
1
5+
% B ,D> +87.8 —-3.3 ~ —0 —2.9 ~ —0 —0.4 +2.1
1
7+
% 3 7D> +94.9 —-1.9 ~ —0 +1.7 +0.1 —-0.7 +2.0
1
1-
Y 5 ,P> +73.4 —4.6 —0.1 —2.0 +0.4 +1.1 —-1.9
1
3—
) > ,P +74.7 —3.3 ~ —0 —-1.9 ~ 40 —0.4 +1.0
1
5—
Y 5 ,P +80.8 —2.1 ~ =0 +2.2 +0.1 —0.8 +1.3
1
1+
= 5 ,1S> +51.6 —10.3 —0.1 —7.3 — — —
1+
= 3 ,28> +78.2 —-9.0 —0.1 —5.5 — — —
1+
= 5 ,D> +87.3 —2.9 ~ —0 —0.2 +0.1 +0.2 —0.4
1
3+
= 3 ,1S> +60.8 —4.1 —0.1 +3.2 — — —
3+
= 5 ,2S> +84.8 —4.0 —0.1 +3.0 — — —
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4 (8) BEAMN+5% W E-5% B FTE 2. B4 MeV. X B FRiZS X — MEREEH, ~ +0F ~ -0
FIRUIE/NT 0.1 MeV. |JP, L)y FoRige R HE M ZhE T, WU E i E

Table 4 (continued). Mass differences when varying the parameters by +5% and —5% in units of MeV. Here, “-” indicates
that this parameter does not affect the state; “~ +0” and “~ —0” indicate absolute values less than 0.1 MeV. |JF L)q

denotes the lowest mass value among the states with the corresponding orbital angular momentum quantum numbers.

b a0 s €cont €tens €so(v) €s0(s)
3+
= 2 ,D> +85.3 —-3.8 —0.1 —3.7 ~ 40 +0.5 —-1.7
1
5+
= B ,D> +84.1 -3.5 ~ -0 -3.3 ~ -0 -0.1 +1.5
1
7+
= 2 ,D> +92.0 —-2.0 ~ =0 +1.0 +0.1 —0.6 +1.6
1
=17
= 3 ,P> +72.1 —4.5 —0.1 —2.2 +0.3 +0.9 —1.2
1
=37
= 5 P +72.4 —3.5 —0.1 —2.3 ~ =0 -0.3 +0.3
1
=9
= 3 ,P +77.8 —-2.3 ~ —0 +1.2 +0.1 —-0.9 +1.4
1

M FE . R b AR S A, B E A E
SRR RE. 53— Jr T, oo Fl econ SR,
AR EZESE, X S B A ies 245
WA R, A A-S- 5% | B-=* Z A i T BE 2L Tt
P ¥ D BEFHUEBR TR TS, €ens » €so(v) -
Eso(s) WX KFB AP A5 M /N, HHF S Ik vk et i
H A e A #E A TN AR, B €ens s €soqv) »
Eso(s) T S P MY BTITAT L. H b BRZEAT R PR
TR RE LR, A5 22 7= A 1 Jo e i 25 A
BN LU HTRT LA B E B S HUE shisk v} i
s, A (19) R 4 77 DB R Y 240
AT IV B i AR Ak

4 & &

AW IETF Capstick-TIsgur BRI 38 1 5K il —
P& Schrodinger 7T e, REITHE T A, X, ZBFHR
RIEETS, TR FSSS RS A SRR T T 1
YIXTEL. 5T 2B, AR REAS A I B B A
VT AR B 5 RUREE, BE T IR
A 55 0 B2 AR T T AR S PRI 1, R
IO EB 43 O A B F 1 A 2 ST TR R A R,
W T —HE AP S0 I 2 (BT 2 3, M
Ttk i g AR AL T BSR4, 853 5 BESII,
LHCb, Belle IT Z552 50 2 RIFSE 7 Im) 45 4, A TAE
(1) 25 SR T R AR 1 8 7 5385 D a4 A e 2 I
RE X HEL, A BT E— 25 B 2 s TR X 3 - 1
TGS

BATHERR, T4 BIIS LSR5 S48 T 2248
K, AGHRRA B | A FRR T2 5 0] LAB 9 A 2
R BTl iE— 5 BB IS EIE RS, TR
WFoE 7 35 17 2R S5 & PR R T RYREIX, (H
5 AR T, Al 2B $(2330) 7)) 25
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Abstract

Hyperons constitute an important sector in hadron physics, their large number provides a valuable
platform for studying their properties and plays a significant role in hadron spectroscopy. Based on the
extensive experimental observations of hyperons, this work employs the Capstick-Isgur model to calculate the
spectra of A, ¥, and = hyperons by solving the three-body Schrodinger equation. We obtain the parameters of
the potential model with spectra of the well established baryons, and calculate the masses of S-, P-, and D-wave
A, ¥, and Z baryons. We present numerical results of 1S, 2S, 1P, and several lower D-wave states. The
calculated spectra are compared with existing experimental results. For the A and ¥, the theoretical masses
match the experimental results pretty well with 1S. For the 1P, 2S, and the lower D-wave states, there exists
some good candidates. For the Z, the masses of 1S states are consistent with the experimental results well. And
there are also good Z(1P) candidates, which match our calculations. On one hand, this allows us to analyze the
properties of known hyperons and explore their possible positions within the hyperon family, on the other hand,
it enables us to predict additional, yet-to-be-discovered hyperons, offering theoretical guidance for future
experiments. Besides the numerical results presented, there are also many observed states which masses are
much higher than our calculations, leaving considerable scope for further investigation. In addition to the mass
spectra, we also analyze the impact of parameter variations on the masses, which help us to understand the
contributions of each parameter in the spectra. This study aims to provide theoretical support for hyperon
spectroscopy experiments planned by Collaborations such as BESIII, LHCb, Belle II, and so on. We look
forward to the discovery of more hyperons in upcoming experiments, which will contribute to refining the field

of hyperon spectroscopy.
Keywords: hyperon spectroscopy, Capstick-Isgur model, Gaussian expansion method, hadron physics
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