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m = 1721.0 £ 5. 24, & 3.45ys. MeV,

' = 31.3 £ 18.35tar. £ 15.4y. MeV. (2)

H A E-FFRATRE N 372 . T A0 256 iR R B
SR ) B SIS B0 2E 6 R T IOR AR e O TE. T
XN AR Z -2, QT 7E B AR v 2R 0 oA
IR O | PN ) A UL 1) ) A - A Y ST Y
SRR

H TSNS BN RS 5 (u d, ), R
EARGEEHES (c. b, t) IRFEME S FOXTFR
P R, Q B8 m X ARy, o DU T
IR Uk PREL B X R PR R AR 010, {HAE SU(2) Xt
FRYET, A E, BDRELSAH XA
F— XS FRHEAR P Z 5. (BT s S5 u/d %
TERY BT A ZE N K, I, 7RI TR AN RE R F R
R M OO AR - AH [ FR .

Bt R R C A, 75 B 70 4
f, R. Horgan %5 A 12131 48 AARE XK 3-H7 1 4
T2, Isgur, Karl, Chao 7F % SR T 5 148
Fite 1418 Capstick A1 Isgur™ SREX T 5 Godfrey-
Isgur 58 PO AU T 58, TH0E T NIRIR 5 &
W E . IR s QCDRY QCD
SKFNFEI 23] diquark 8 P4 FAE 25 e fsi Al 2] 45
T s . BEAh, 18 A(1405) A BURK £ 1]
T I < R e el R R R e N R e v e
T8 PT RA [l R T gl TIZ ESE.

TEEF RGN, B n] R AR ) =
& Schrodinger JrfEsfAS. ASCRH Capstick-Isgur
A 19 S b B v -5 v (A O AH BAE T, 205k E
SAEE ISR USRI AR, BT R Y
SEEREE, FRATELE S 2 BV S8 AR S
55 FC R B S A BRI HESE, FH00
WEIFE B RGETHE AL S 2 BT REE MBES
F R, AT DK BRI 45 R 5 S B e A T BT
L, M43 A 2 HUE 7 1Y N ER 25 AL, 2 — 2D e L
TR T Z G BT RE OO B, eI IRl 1 75 v
TEMHA. BXAUA B T 5838 S i i i, dE6e
ARk BESIIL, LHCb. Belle TT F 92 50 48 4 #1118
Y.

ARSI : 75 F 205, AT 295
SIATE T, FEIENZ Capstick-Isgur # A1 F
TR ARG IRATAESS 3 WA hBUESS s &
JEFRAIZ TR A

2 TP H % F KK M = K Schrodinger
AR 7
Capstick-Isgur =%

51 F TR, FATRM Capstick-Isgur HA Y
HEATTIRL, s i i m LA g 19201

1<J

2.1

3)

ot \/p2 + m2 RAXS S eI Vi, A EAE
M, FEAE

‘/ij _ ‘/ig;oul+‘/i§ont+‘/i§9(v)+Vit;ns+‘/i§onf+visjf)(s)7 (4)

Coul con so(v) ens conf so(s) /

B N N N AN N
SRR H I, s sS R A E-PUE RS
T, SR BEPAT B b S ALY B E-PLE AR S
T TR, Hkik= Ul

1 1
Coul __ p2Fecon 5 55 Fecou
Vij = ﬂij Gij ﬁij )

(5)
Hrp
2
Pij;
By =1+ J ’
g (03 + m3)2(p%; + m2)1 /2
~ 2 e}
Gij = -3 Z f]ferf(Ukijrij)a
PR
Oy =W oy
1 1( dm;m,; >4
2 2 L
o =00l s+ s\ 77—
J 0(2 2 \ (m; +m;)?
2
2m;m;
L& <mmﬂ> : (6)
m; +m;

X, py NAE i PO R AL =S i s R,
ecou 72 F T PR AH ELAR T rhoRE R 18 25500 5
MZEL, a0 M s AMEAERIISEL w flaw B2
Bk sshih e w25, B

aS(Q2) ~ Zake*“’kcf.
k
XY, 2RISR AN

2,2
conf 1 e il
Vit = gbrig| =

(7)

1

erf(aijrij)> + -c. (8)

[\

553CHK [19] AFAGJE, SCRR [19] S =A% X HLE

170201-2


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 17 (2026)

170201

PHIAH A . AR F RERH I i ik =

L om 28; - 8 +€cont
Vet =52 a JVQG”@Q]
m;m;

VSO(U) 1 délj 6 +e o(v) I'” X P; - 8262+e o(v)
K Tij d’l“ij i 2mi

1 1
B 5‘§4+€so(v) ri; Xpj- Sj5§l+eso(,u)

2
Qmj

—(52+6 o(v) Pig X Pj-Si —Tij X Ps- 51(52JrE (v))
2m ’

Vtens _ 62+e[ 1 (3(51' . rij)<sj . rij) —s; - Sj)

e 2
3m;m; i

% idé” _ d2é1‘j 5%+aens
Tij d?“ij d7'.24 K ’

)

string 1 1
Vso( s) _ 1 dVij _ 5§+Eso(s) Ii; X Pp; 'Si6§+550(s)
Y ’I“ij dTij 2m3
+e r,; X P;-S; +5
2 TEso(s) Tiyg J " ®J $2 T Eso(s)
+02 Taﬂ ) : 9)
m;m;
Hrpo; = — MMie; (i = cont,

(p3;+m3) V2 (pF+m3)H/2
so(v),tens,so(S))jil?””’?ﬁ'JPFHXT CRUN SR FE R S48

2.2 BffRF®
I EaRFEE, AT LLSKA# Schrodinger 77
LSRR, HEE [0 AT AS A
[ Tar"™ ) = [ ™ [ G2 [, (P) Pratn (ML) o),
(10)
Hira = {s12,9,1,, 1\, L} B—dH 8 FEE. A
— B X FRYE AR ] B9 25 5e oA 12, XERRPEAS TR )
BN 3. s1o F SN RTINS TR A
H e LA K S B TE. p R BT AN 75 50 B AH G AR A
X HE = A S ST SO AR AR R, 1,
L4350 p AN H R EERPLE A ShE, Lo
. XFR—AJP ) iTReE —RIIH o B3R,
WA o A B4, ) — A>3 58 7T A f§
Hhi
85 = x§2 o™ (11)

n, Miny AT HEFR Y ZS [MIEER 21 AT R AR
=75

7/}JM - Z Can nAW}anpn)\> (12)

an,ny

Cit ny WTLLETE Rayleigh-Ritz 2803k K . FE1X
FHEZL R, Schrodinger J5 2 Al DL B A0 R SRE(H
FRRIEA:

an,ny
H Conpny = M

a'n/, n’
anyna an,nx

an,nx
Na n’ n' Co‘"ﬂnk’

(13)
HL MOEFORE BB, RUFFIE(E; Con,n, F4F
AIE % ik, 30 L % fE T DU B B ek B 0

;“:, T:f 715128 Hamiltonian FIJE K 8 S 10 E]’J%E@
J6, AT RAE AR 75 AR A

O('VLP,?’L); o (xn 'ILA H anyny ’

a’'niny < J\Z | W > (14)

Nl = W™ 3™,

FEZX (10) 1, geoler B e R %R, B

q/)color _ % (Tgb — grb+brg — rbg + gbr — bgr) s
(15)
ql}ﬂavor =] [ﬁ% {ﬂ"[}]ﬁ Eﬂ
A . i(ud — du)sv
flavor __
P =0y, %(ud-i—du)sa (16)

E:ssn (n=u,d).
FIEE PR x g2 >

IX5*) = IlDxsi Xsals12Xss ) (17)
XT3 A1 R, BRAT TR A8 2 e R O 12 191, 3%
T3z MO T S R R T Bk
JE R R AL, HEER

1
3\ 2
2142 (2p,,)! 2 L2
Ont = (\/W € yl(l')’ (18)
/E\:EF’ Un m‘[’\lﬁﬁ Vp = T;ii(rmax/rmin)(2_2n)/nmﬂx _H‘
%:7 Tmin ~ Tmax ~ "'max ﬂﬂ%%%ﬁ?ﬁﬂ@%ﬁ

3 AEHERIAT0

X AS ERT, BT s5u/d 55 if5i
FHZEAK, BIAS R B — RO T RIMUR A 5;
HOIRNT% & p MKk, NBOEE, p- )N BIRGTR .
EHRKBNMEEIE 1S . 25, 1P, 1D S FERE.
I F X FRYE, TRATTRE Br A5 2 5 AR 4 =X (1) %1
A L. T A BMRIE D R u. d SRR,

170201-3


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 % 3R Acta Phys. Sin. Vol. 75, No. 17 (2026) 170201
R 1 ARTAEPEARER
Table 1. The bases used in this work.
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The parameters of the potential model used in this work. “*” imply that the values are consistent with

mp = 0.220 GeV * ms = 0.419 GeV *

oy, = {0.25,0.15,0.20}*

b = 0.140GeV? ¢ = —0.204GeV
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R3O ADERBEHE R EIS S SR E R AL AL MeV

Table 3. The comparisons of theoretical and experimental values for the mass spectra of A, ¥, and Z in units of MeV.
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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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F 4 SEENNA5% I F-5 W BT 2. B MeV. X B FIRZSHRTX —DERNEIE, ~ 40l ~ —0 FIR
YXHE/NT 0.1 MeV. [JF, L)y FRiZst 7800 N i HI0E f s T, 05 A (Rl

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; “~ 40" and “~ —07” indicate absolute values less than 0.1 MeV. |JP L)1 denotes

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

b a0 s €cont Etens €s0(v) €s0(s)
A %+,1s> 452.8 ~12.5 —0.1 —13.8 - B B
A %+,2S> +79.4 ~10.9 —0.1 114
A %+,D>1 +85.4 53 ~0.1 41 ~ 40 +0.1 ~0.2
A g+,D> +85.9 74 ~0.1 114 ~+0 0.6 ~15
1
A g+,D> +85.8 —6.8 ~—0 ~10.7 ~ =0 ~0.3 415
1
A ;r,D>1 4+96.7 15 ~ =0 0.7 40.1 —1.2 2.6
A %_,P>1 469.2 —97 —0.1 —12.4 ~ 40 1.2 24
A gi,P> 470.1 ~7.9 ~0.1 ~11.6 ~ =0 0.5 411
1
A gi,P> 4807 2.2 ~ =0 415 +0.1 11 1.7
1
D) %+715> +53.4 ~10.0 —0.1 5.4 _ - -
D) %+,25> +80.8 -89 ~0.1 —43 - - B
> %+7D>1 +89.7 a7 ~—0 —05 0.1 +0.1 0.2
) g+,15> +63.4 3.8 ~ =0 4.3 - - -
) g+,2s> 4874 37 ~ =0 +4.1 - - -
) ?,D 4873 _3.7 ~ =0 ~33 ~+0 0.8 —23
1
=157 p +87.8 ~33 ~ =0 2.9 ~ =0 —0.4 12.1

7+
by 3 7D> +94.9 —1.9 ~ —0 +1.7 +0.1 —0.7 +2.0

1-
= 3 ,P +73.4 —4.6 —0.1 —2.0 +0.4 +1.1 -1.9
1
s|= P +74.7 -3.3 ~ =0 —1.9 ~ 40 —0.4 +1.0
1
s|= P +80.8 —2.1 ~ =0 +2.2 +0.1 —0.8 +1.3
1
1+
= 3 ,1S> +51.6 —-10.3 —0.1 -7.3 - _ _
1+
E 3 ,25> +78.2 —9.0 —0.1 —5.5 . - _
1+
5‘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 . - _
3+
5‘5 ,D> +85.3 —3.8 —0.1 —3.7 ~ 40 +0.5 —1.7
1
5+
= 3 ,D> +84.1 —3.5 ~ =0 -3.3 ~ =0 —0.1 +1.5
1
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Fa(8r) SEUEMIN+5% K5 BBTE 22 B0 MeV. B TR ZSE X — N EARRIEM, ~+0Ffl~ -0
FORGEXME/NT 0.1 MeV. |JP, L)y FoR %8 THO R PUE FA s 8T, HUTiE i R R {E

Table 4 (continued). Mass differences when varying the parameters by +5% and -5% in units of MeV. Here,

W

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 g0 s €cont €tens €so(v) €so(s)
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2 1
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1
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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 Schrédinger 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 1S5, 25, 1P, and several lower D-wave states. The
calculated spectra are compared with existing experimental results. For the A and X, the theoretical masses
match the experimental results pretty well with 15 . For the 1P, 25, and the lower D-wave states, there exists
some good candidates. For the =, the masses of 1S states are consistent with the experimental results well.
And there are also good E=(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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