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Fu-Lai Wang, Si-Qiang Luo, Ri-Qing Qian, and Xiang Liu, Phys. Rev. D 110, 114041 (2024)
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® R TYEEEMIE FISHIEF MEMFE)RE .
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SHETS
ROBTA
e B
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- EHNEEE B
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B FYIERNE MR RE 2 —
tetraquark glueball

H. X. Chen, W. Chen, X. Liu, and S. L. Zhu, Phys. Rept. 639, 1 (2016)
> AIEfER RN S E B ER AR R IR EERE R

® BT TFSEEMN (1) B BEHEFRERIIREERES. 0 o
MZEBERTESPTFHERNT TEREANTRA, B/IRERE(~2.225MeV)  osamm

- >

s <t R. Machleidt, PRC 63, 024001 (2001) 30
AR AR (~3.9 fm). R. Pohl et al., Nature 466, 213 (2010)
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HEARELE, BFoTFSHNELSKXEMREANS “TEFE
® H2003% BellekIuiA %I T RXEMBRX(3872), BTMEFRET 4 TEMELELINMR
% RISHAITE.

Y(4160)
X(3940) Y(4630)
Y(4660) Z*(4248) ~35F X(3872)
Z(3930) Y(4360) Z+(4051) X(4350) 330
X(3872) Y(3940) Y(4260) Y(4008) Z*(4430) Y(4140)X(3915) L0 25
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 220
Z, (4032) Py '].
€10
X*(3860) o ml l&
Y(4390) I.us...l...l...l..i...
Y(4320) T+ £82 3.8 3.6 388 39 892
o M(J/y nirt) (GeV)
Z. (4025) Y(4220) Z,, (4220)
Z . (3885) X(4700) P. (4457) Z,, (4000) [Belle] PRL 91, 262001(2003)
Z_(3900) Z+(4240) P.(4450) X(4500) P, (4440) P (4459) X(4685) X(3960)
Z. (4020) Z} (4200) P (4380) Y(4274) Z; (4100) P, (4312) Z.s (3985) X(4630) PA:E:S (4338)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
H. X. Chen, W. Chen, X. Liu, and S. L. Zhu, Phys. Rept. 639, 1 (2016)

o EFIFETFASNMRS, X +IFRTFHFEIIETARN ZXRE,
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X. Liu, Chin. Sci. Bull.59, 3815 (2014).

H. X. Chen, W. Chen, X. Liu, and S. L. Zhu, Phys. Rep. 639, 1(2016).

A. Hosaka, T. Tijima, K. Miyabayashi, Y. Sakai, and S. Yasui, Prog. Theor. Exp. Phys. 2016, 062C01 (2016).
J. M. Richard, Few Body Syst. 57, 1185-1212 (2016).

R. F. Lebed, R. E. Mitchell, and E. S. Swanson, Prog. Part. Nucl. Phys. 93, 143-194 (2017).

S. L. Olsen, T. Skwarnicki, and D. Zieminska, Rev. Mod. Phys. 90, 015003 (2018).

v' F. K. Guo, C. Hanhart, U. 6. MeiBner, Q. Wang, Q. Zhao, and B. S. Zou, Rev. Mod. Phys. 90, 015004(2018).
Y.R. Liu, H. X. Chen, W. Chen, X. Liu, and S. L. Zhu, Prog. Part. Nucl. Phys. 107, 237(2019).
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N. Brambilla, S. Eidelman, C. Hanhart, A. Nefediev, C. P. Shen, C. E. Thomas, A. Vairo, and C. Z. Yuan, Phys. Rep. 873, 1 (2020).
L. Meng, B. Wang, 6. J. Wang, and S. L. Zhu, Phys. Rept. 1019, 1-149(2023).

H. X. Chen, W. Chen, X. Liu, Y. R. Liu, and S. L. Zhu, Rept. Prog. Phys. 86,026201 (2023).

M.Z. Liu, Y. W.Pan, Z. W. Liu, T. W. Wu, J. X. Lu, and L. S. Geng, Phys. Rept. 1108, 1-108 (2025).

Z. 6. Wang, Front. Phys. (Beijing) 21, 016300 (2026).

X. Wang, X. Liu, and Y. Gao, Rev. Mod. Phys. 98, 021001(2026) .

Z.Y.Bai, D. Y. Chen, Qi-Huang, X. Liu, S. Q. Luo, and J. Z. Wang, arXiv:2602.19887.
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PHYSICAL REVIEW LETTERS 122, 222001 (2019)

Editors' Suggestion Featured in Physics

Observation of a Narrow Pentaquark State, P,(4312)%,
and of the Two-Peak Structure of the P (4450)*

F—+E R R. Aaij et al.’

(LHCb Collaboration)

P1(4312) : M = 4311.9 £ 0.7755 MeV |
['= 98+£27737 MeV,

P (4440) : M = 4440.3 + 1.3731 MeV |
I'= 20.6+4.9"57 MeV,

P (4457) : M = 4457.3 £ 0.6*11 MeV |
I'= 64+£2077 MeV.

0 —
A b > ] / IppK ® (Received 6 April 2019; published 5 June 2019)
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Ti (3875)RISEln & Bl @2021F

LETTERS

nature
thSIC S https://doi.org/10.1038/s41567-022-01614-y

W) Check for updates

Observation of an exotic narrow doubly charmed
tetraquark YT SFAES (BRiE)

I HCh Callaharatinn*

T T o —1 > RESEE:
Teb SR 11 om=-213+61+5T 1 kev  omY = —361 £40 keV
= L | = -F
= sof } | ] I' =410 4+ 165 + 43733 keV IV — 478 +19 keV
Sab L at TN > P = DRI RHNRNE T,

3'[]';— i E I[sim-:]:;rt}:::n_ Moo+ [Gf"'-'.-'rfl]—; ﬁﬁﬁﬁiﬂ]lj — 1+ H{]DD*ﬁ¥§

o %{ = :;:::;*i‘+ :M ¥ ¥ : b D ;

10t~ gt it

T ot et i

C . . . l , . . , |I . l , . , 0 C
3.87 388 3.89 39 D

Mo+ [G{*‘k / {:2]
T (3875)HYSLIE & P& ZUM X FFEIMALEFRE) " = 1THIDD* 0 FSRIERER,
AEREXFES FSRENS AR TaB8 Nl X #F.
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Tss T (3875) = Tpe = Thpp
RE

PHYSICAL REVIEW LETTERS 132, 201902 (2024)

Bound Isoscalar Axial-Vector bcitd Tetraquark T, from Lattice QCD Using
Two-Meson and Diquark-Antidiquark Variational Basis

M. Padmanath®,"” Archana Radhakrishnan®,>" and Nilmani Mathur®>*
"The Institute of Mathematical Sciences, a CI of Homi Bhabha National Institute, Chennai, 600113, India
Department of Theoretical Physics, Tata Institute of Fundamental Research, Homi Bhabha Road Mumhbai 400005 India

® (Received 11 September 2023; revised 1 April 2024; accepted 19 April 2024; pub PHYSICAL REVIEW D 108, 054502 (2023)

Lattice study on a tetraquark state 7, in the HAL QCD method

Takafumi Aoki,"" Sinya Aoki®,**" and Takashi Inoue**

'Yukawa Institute for Theoretical Physics Kyoto University, Kyoto 606-8502, Japan
Center Jor Gravitational Physics and Quantum Information, Yukawa Institute for Theoretical Physics,
Kyoto University, Kyoto 606-8502, Japan
SRIKEN Nishina Center (RNC), Saitama 351-0198, Japan
*Nihon University, College of Bioresource Sciences, Kanagawa 252-0880, Japan

M (Received 19 June 2023: accented 9 August 2023: published 11 September 2023)

TX(3875)RISELG & I & T IR EMART, ANHESHIGE, FEXFET, /T 2%
,j§ s ng%éﬁ}i TQ:EIJIE:IBJ:E,‘Jgéiio
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ISR XY Z7SHTA(3875)SWEREXN T FELE NS RSB R
YRS (RiE) WFBFOFANLHIEEEERX

Hidden charm tetraquarks Double charm tetraquark
X(3872) Z.(3900) X(3915)
Z(3930) Y(3940) Y(4008) T} (3875) REEXFESTISERE
7.(4020) Z.(4025) Z*(4051) S SW 2%

Hidden strangeness tetraquarks| Double strangeness tetraquark

REERERBENF
f0(980)  f1(1285) fo(1710) ¢ AEBEEL?

F. K. Guo, C. Hanhart, U. Meissner, Q. Wang, Q. Zhao, B. S. Zou, Rev. Mod. Phys. 90, 015004 (2018).

KOKWRGRDODORGHNFRE R IAAES—IREBITFTIFS(s5q7) -

BNFAFE R TFERENSmESSINED FSRENS R ETLG875) WTREIFEE,
BXARS R A TSRENSRSHMRARTREXFAET TERENS R SRTEERER
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BNARE RN FSRESTRSHERSSIWIR

B FENFREER FALAZERTSHMREEERRE, ATLUEBME| a2 t+514K,
HphRELZHNEHIWNEFSIHFR.

Perhaps a Stable Dihyperon*

R. L. Jaffef
Stanford Linear Accelevator Centev, Stanford University, Stanford, California 94305, and Department of Physics
and Labovatory of Nucleay Science,i Massachusetts Institute of Technology, Cambvidge, Massachusetts 02139
(Received 1 November 1976)

In the quark bag model, the same gluon-exchange forces which make the proton lighter
than the A(1236) bind six quarks to form a stable, flavor-singlet (with strangeness of
~2) JP =0* dihyperon (H) at 2150 MeV, Another isosinglet dihyperon (H*) with J¥ =1*
at 2335 MeV should appear as a bump in AA invariant-mass plots. Production and de-
cav avstematics of the H are disenssed

Robert L. Jaffe, PRL 38, 195-198(1977).

uuddss(AA) JF=0%1=0 my ~ 2150 MeV, EFAAEEES MeV
mESY L

BMR. L. JaffeTl & BHEAABFO T, HEILE5XR SR THRANEF S TG,
SAME| B R AL L R B HREFEANRET D FRSEIRBREIEHE.

H. Clement, Prog. Part. Nucl. Phys. 93, 195 (2017).
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Bt 5 X ENIZMAXRIENTFRES R0 FSRENT S IxiEE,

A R T | y| BRSNS
FARBAEES FARBME S

33=3@6 3Q3=1 ()
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H. X. Chen, W. Chen, X. Liu, and S. L. Zhu, Phys. Rept. 639, 1 (2016).
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I F R HAEE
®

o NTRHHEE  HAARBMETBZHn =1y, BFRPFEET L R n
MR, n R TR E R KR ©

H. Yukawa, Proc. Phys. Math. Sco. Jap. 17 (1935).

+ 2 w - T
+ Ve T I\ ’7 W Vp I\ +
o) P = T —3—3 + % K9 y = P _l\;/"; + % K*0
K~ K - K*- K0 9
H A2 K& 45 A2
0.8fm<r<20fm r = 2.0fm r < 0.8 fm

o ERTEMEERMMTHERSMYR (EE) — EIEMALA:
D S-DREAMR; @ BAEKE; O FUIFEMEMEL; -

H. X. Chen, W. Chen, X. Liu, and S. L. Zhu, Phys. Rept. 639, 1 (2016).
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CPC(HEP & NP), 2012, 36(1): 6-13 Chinese Physics C Vol. 36, No. 1, Jan., 2012

2011

Possible hidden-charm molecular baryons composed

. *
of an anti-charmed meson and a charmed baryon

YANG Zhong-Cheng(#/83%)! SUN Zhi-Feng(#h:&l§)>*  HE Jun(fi%)H3D
LIU Xiang(XJ##)>%?  ZHU Shi-Lin (& tH#)5®
I Department of Physics and State Key Laboratory of Nuclear Physics and Technology,
Peking University, Beijing 100871, China
Abstr ct: Usinrg the one-boson-exchange model, we studied the possible existence of very loosely bound
hidden .charm molecular baryons composed of an anti-charmed meson and a charmed baryon. Our numerical
results indicate that the £.D* and 3.D states exist, but that the A;D and A.D* molecular states do not.

2019 S

——data
— total fit .
— background

-
o
o
o

(@]
o
o
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(0]
o
o

P} (4312)
] W P (4440)
Pc<43512)‘ & P% (4457)
| I DORFE
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[LHCb] PRL 122, 222001 (2019)
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PHYSICAL REVIEW D 88, 114008 (2013)
2012 ed-channel analysis of the possible D™ D™, B®) B® and D® B™ molecular states

Ning Li,"** Zhi-Feng Sun,**" Xiang Liu,**** and Shi-Lin Zhu'=%*
'Dep irtment of Physics and State Key Laboratorv of Nuclear Phvsics and Technology, Peking University, Beijing 100871, China
Institut fiir Kernphysik and Jiilich Cent [ JP D® D™ OBE
3School of Physical Scienc

0+ % sk %

“Resec rch Center for Hadron and CSR Physics, China
SCenter of High En A (GeV) 0.95 1.00 1.05 1.10
SCollaborative Inno B.E. (MeV) 0.47 5.44 18.72 42.82
(Received 22 November 2012; revise M (MeV) 3875.38 3870.41 3857.13 3833.03
" T'rms (fm) 4.46 1.58 091 0.64
L : Py (%) 97.97 92.94 85.64 77.88
Py (%) 0.58 0.55 0.32 0.15
P3 (%) 1.41 6.42 13.97 2191
Py (%) 0.04 0.09 0.08 0.05
2021 ;:{:_H ?G: ' I I! ' ! I I|:(I""'“:: T T .
= F . LHCh =3¢ e
= u ! oD = ! N
2 60 I nm = E 30k =
— - | =3 T
= JHCh 50 ﬂ BE
s - : = 20F .
SR REL R T S
= - i = 1of \ | .
Sab | Lo i d
4 E ! . Drata o=k ‘-I:!-.; 3 .':r—-ﬁ E
3{} — i : [ + —+ DDPnt e+ [G("‘l:l'rl'l] —]
= | —— ISm kgronmd =
C : Total 7
- | D-+D® threshold 4
2{}__ % * i """ 0+ threshold + .
_ l ! + .
- i = +
10F HJ’H + L HHJT ﬂﬁ H H_H J(—_ T:-.(3875)
aﬁ,i1m+ﬁ hTH
{}:ﬂ- -'-I - I_ 1 I ] I L 1 1 L : DD* ﬁ%ﬁ
387 3.88 3.89 )
vy rs
Moo+ I:{.-.T[‘\ f{!‘:l

[LHCb] Nature Phys. 18 (2022) 7, 751-754
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ARNIKETE R RIEM HEEHTH
- -
DN HMEZENERE ARZENERE

KEMOEEESNIE

REZSME: () RERE, (i) AHRFZ, (i) BDEMTR

E. M. Lifshitz, Quantum electrodynamics, 1982
Ml gy = Z fﬁd;)’i-"?‘PE,ﬁ‘“jfr*("j;”*”i F. L. Wang, R. Chen, Z. W. Liu, and X. Liu,

m=c, P,V PRC 101, 025201 (2020)

b Tl Models A(MeV) E(MeV) rrms (fm)
—hsh
hila—hsh oy MBBETER(q) OPE() / / /
E o _
‘\/Hi zmi Hf me OPE(Y) 1064 2.23 3.74
OBE(IN) 1174 -2.25 3.67
N d3 . N OBE(Y) 864 -2.26 3.75
(Vfglhz h3hy (r) = q3 o4 T(Vl’élhz h3hy ((1)7_—2(q21 m%) )
(2) A~1.0 GeV

BRET: F(g,m2) = > —™ME N. A Tornqist, Z. Phys. C 61, 525 (1994)
A" =g~ N. A. Tornqvist, Nuovo Cim. A 107, 2471 (1994)
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RKOKORGRAMERHNBHRAE

o RIBIIMENR, MRKOKORGEREMERNBELR N EWIER:

B 2ig"

BAYHLREILI

Liwgop = TV S(WV,{HK";PHK":“aVPbG K® = (K(*)— ,[_((*)0)
n
2’—-*--.1. - ”_”+i + K+
- Jf‘,) (K];HK.[‘: + I<.-")I<.ﬂf’u )8prm V2 V6 (,H 0 K()
T P — i . + 4=
— s — —wyt ﬁ \[6
Lrogo, = =28 KoK +2¢.K; 0K, K- I iy
Lk(s)[{'(zﬁ_] = - ﬁﬁ!gvkdbk-;v : Vbﬂ + \/iﬁfgvkd;jﬂkd:;wrv ’ Vbu % + % p+ K**
_ .y TR v _ V = - _i +0
2V2id gy KK 0,V - 0,V,), 0 Y K
K*~ K* ¢

-2 ﬁfl’gvvil&lp(rﬁ(gbk_:p% + §;,ug:r )grvﬁ

ba*

M. Z. Liu, J. J. Xie, and L. S. Geng, PRD 102, 091502 (2020).
J.Z. Wang, Z. Y. Lin, B. Wang, L. Meng, and S. L. Zhu, PRD 110, 114003(2024).

o AHEERIN SIS R BT INE LI ARSI RAERERRE.
> g' =1.12: UEK* > KnTEERISLIGEHE J. Z Wang, Z. V. Lin, B. Wang, L. Meng, and S. L. Zhu, PRD 110, 114003(2024).

> ge=0.76, ' =0.56GeV~!: ERIEAE D. 0. Riskaand 6. E. Brown, Nucl. Phys. A 679, 577 (2001).
> B’ =0.835: REN FRIBRRIBITFRME R Moling, T. Branz, and E. Oset, PRD 82, 014010 (2010).

o RIBWB-ZEHEL I, KWKORGRITHETH:
[KK]: 1(0") [K*K*]:1(0%),0(1%), 1(2")

2026 FE B EFERMITS F1E3k 18



TN 1
Vi = =gV + 5B gyGu(DYy,

7 _*_) Lm 7% ’ 1 ’
Vi K = —gPOINY, + 5B 0TIG (DY,

o _ 12
VEE-KE ?‘f’ 5 (Oal11Z, + OV H(D Yoo

2
+ 5,1"2 gy QO:[N1Z, — O3[I1T,) G4 (D) Yo,
vt R = —gtouny,
1?2

— 8 (Os[N1Z, + O6[NT) He ()Y

RE* K"K
VI J

312 VKRR _
1.J

1
+ 5B7gV0ulI1Gv(DYy

2
— gﬂ’zg%, 20s[J1Z, = OslJ1T ) Gv(D Y,

e mir — e—A!.zr A2 —_ m2

RE—K'R* _
VI J

ng

317

2
5/1’2g%, 041J1Z, - OsJ1T,) G(D Y+,

(O1J1Z, + Os[J17+) He(D)Ye

12

= 8 (Ou[T1Z, + O10[1T7) HL (1) Yy

312
2
gfl’zg%; ROo[J1Z, — O1lJ1T,) Gy (DY,

72

_ ’ff,? (OnJ1Z + OnlJ1T ) HE (DY
2

lqil < m, i - lgn-A. i A m; = \Jm?> —q7, m; = J¢g? —m?, and A; = /A2 - 7
Y, = d i
1y N 2 7?2 1 6 6 (9 1 a
ol > m cos(m;r) — e ~ A +m] oA Z = _2_r2_ and T, = r———
! ’ Anr 87T, ’ r-dr Or Oorr or

2026F 2B FERMTTES &k

2477, 201J1Z, - OnlJ1T) G (DY

19



KOK® RSB OBEHEE

KK 107) = 001")

£

@

=700

1 -1400F

| 2100} e
—Tot,
. ' . ' . -2800
0.0 0.3 0.6 0.9 0.0 0.3 0.6 0.9
r(fm) r(fm)

[R*KJI(") = 0(19)]

150
d \‘:: L
o 0k LR Amea -600
>
[-P]
=-150p 5 1 1200
> Coh
00 —3 -1800 wis TP
¢ —Tot;
0 ‘ " P 2 l
0.0 0.3 (fm) 0.6 0.9 0.0 0.3 (fm) 0.6 0.9
2026 FE B EFERMITS FiEsk

3 HEE{ER
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o nXMBEEIEREZRIJY) = 0(1M)KK”
FMIJP) = 0AHK*K* RGrHEEER,
XEERREFRZBERERTHR

BN FRSEANEESEL—H.
H. X. Chen, W. Chen, X. Liu, and S. L. Zhu,
Phys. Rep. 639, 1 (2016).

¢ SnXMHEEIFREXIMEEERAY
MUEK" > KnRTRERE, XA

B EERRH AT EMET.

J.Z. Wang, Z. Y. Lin, B. Wang, L. Meng,
and S. L. Zhu, PRD 110, 114003(2024).
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IJ%) = 1(0)KKRGZREEE

PHYSICAL REVIEW D 77, 094507 (2008)
K" K™ scattering length from lattice QCD

Silas R. Beane,' Thomas C. Luu,” Kostas Orginos,** Assumpta Parrefio,” Martin J. Savage,"
Aaron Torok,' and André Walker-Loud’

(NPLQCD Collaboration)

l!)vpurm.-em of Physics, University of New Hampshire, Durham, New Hampshire 03824-3568, USA
2N Division, Lawrence Livermore National Laboratory, Livermore, California 94551, USA
“Depm‘.'mem of Physics, College of William and Mary, Williamsburg, Virginia 23187-8795, USA
"J({[]i’l'.\'nn Laboratory, 12000 Jefferson Avenue, Newport News, Virginia 23606, USA
SDepm'rcunen.f d’Estructura i Constituents de la Matéria and Institut de Ciéncies del Cosmos,
Universitat de Barcelona, E-08028 Barcelona, Spain
qurrm( nt of Physics, University of Washington, Seattle, Washington 98195-1560, USA

[)cpammu.' of Physics, University of Maryland, College Park, Maryland 20742-4111, USA
Received 70 Netaher 2007+ anhlichad 21 Mayv 2008\

R : ag+g+1(0ty = —0.141 £ 0.006 fm
120

J: OBERE! SR QCDIRIUGRELEE

1(JP) = 1(0")KK ARG RO E1E A R S 7 iR $iid
Vigkinoo = Uzge "™,
HEE L i

HEERREE  0.66fm
104 MeV

Y. Kanada-En'yo and D. Jido, PRC 78, 025212 (2008).

#iFOBEIRE! 5% S QCDIERIBEIIJP) = 1(0HKK BRGHHEE/ERER—H.
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IJ") = 01" KK RGHIRENEE

-

Scenarios|A (GeV) E (MeV) rrms (fm) Py (%) Py (%) P3 (%) P4 (%)
2 —4.27 2.83  100.00
I _
. . 1.27 14.83 1.47 100.00
1.33 | =30.02 1.05 100.00
1.03 —3.88 3.86 9598 4.02
11 _
S-D;‘);‘ziﬁéﬁw 1.11 13.01 190 96.76 3.24
1.19 | =30.37 1.19 96.60 3.40
0.79 -3.86 3.88° 9408 385 2.01 0.06
111 0.83 /] -12.50 191 91.73 193 6.24 0.10
MAEERES
.8 -30.49 1.14 88.13 1.32 10.44 0.11

IJ7) = 0(ANKK RGERENFAER D TSRBENSSHRAE, XSETFIESR

A i, 7 35 8 R A AR A LA %

& 1F B

ISBIREIL—E.

J.Z.Ji,Y.H. Xing, X. X. Wu, N. Xu, and Y. Tan, CPC 49, 013101(2025).

X. J. Liu, H. M. Zheng, D. Y. Chen, H. X. Huang, and J. L. Ping, arXiv:2505.12828.

X. M. Tang, L. C. Sheng, Q. Huang, and R. Chen, PLB 870, 139896 (2025).
F&EXK
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Scenarios Bound-state properties
A(GeV) EMeV) rrus (fm)
2 —-4.55 2.31

BiESH 1.30 -15.28 1.34
1.36 -29.95 1.00

A (GeV)| E(MeV) rrus (fm) PPS]) (%) P|3D1) (%)

I 1.11 -3.99 2.56 98.02 1.98
s-DER&ENH| \ 1.19 —14.45 1.46 97.43 2.57
2 -32.64 1.04 97.18 2.82

IJP) = 00K K* ARG R EVNFRER N FALANMERTIZESE.
X. J. Liu, H. M. Zheng, D. Y. Chen, H. X. Huang, and J. L. Ping, arXiv:2505.12828.
X. M. Tang, L. C. Sheng, Q. Huang, and R. Chen, PLB 870, 139896 (2025).

IJ?) = 0AHKK*&RGFIJP) = 0(1+)R*R*§ﬁ%ﬁilﬁﬁ§ﬁﬁ%?‘.§§$§!’Eﬁ?&&ﬁiﬁ%‘]
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X.Z.Ling, M. Z. Liu, L. S. Geng, E. Wang, and J. J. Xie, PLB 826, 136897 (2022).
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IJP) = 0N KK P FSIEREZEN = HERTTITH

K Tx
) L ki = grokg THEKK.

(p) EARES &
2
2 _ 167r(m,g +m1-<*)5/2 V2|EB|
81 Kk — (mgmg. )12

) S. Weinberg, Phys. Rev. 130, 776-783 (1963).

. i(—=gap + qagp/mz.)
IMigg 001 5kRx = 18T, KK Equz

m +me [z

\/mk*mg( 7 )(Ipp)
I = 2—

I 1 1 f 2
= | IM[7d®;= 2— fM dm?,dm?>
S 2mr, ; 3 3= S(27r)3 32m3 Z IMI"dmi,dmsy
R. L. Workman et al [Par‘rlcle Data Group], PTEP 2022, 083C€01 (2022).

Ez (MeV) —~17 =30
Lk g 1001+ -k ke (MEV) @ 43.2 @
AW RTRE
® /(JP) = 0(INKK* 5 FSRIREREH60 MeVET, 1ZRTRE 6T MeV, ZERSEERIZEER
S ERSFAEEIL(17 MeV), J.Z.Ji,Y. H. Xing, X. X. Wu, N. Xu, and Y. Tan, CPC 49, 013101(2025).

® LTLHCOSEIGHEEDDAATREIE ELXI TR FERXB NS R SIEERE T,L(3875), EINAKRRK
LIMAEKKn AT REE EFIHKIJP) = 0AHKK* B FHIEERE.
2026 FE B EFERMITS F1E3k 26



IJ?) = 0HK' K FSEREZEN = aR=TEITA

K(Pl)
_ i T — I+ o * V. auTV */IK*)U
K*(q) Lr k& = 81,k K Guvdp
T(p) n(p,) m A% LE 5 K1
. _ lon ViEd]
R+(py) STk T T
T — K*Krn S. Wember'g Phys. Rev. 130, 776-783 (1963).
. i(—8or + qoq./mg-) -2g
IMig 00—k ke = L i € i .s’(i ep A0 MgMp- I
[K*K*][0(1%)]—»K*Kn 81, K*K* aﬁ/lp( p*) G — m?( + img.Tg. K"K 3 (pz)
I' = f|M| O3 = 2— 1 lflMdeZ dm?>
S ZmT S (27?)3 32m - 3 12 23
R. L. Workman et al. [Particle Data Group], PTEP 2022, 083C01 (2022).
Ep(MeV) - 30

NJ< ][0(1+)]_>1< kx (MeV) @ 51.7 @

BEEN=MERTIEP-ERT)

2026 FE B EFERMITS F1E3k
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IJ?) = 0HK' K FSEREZEN A ERTEITA

m d?
Miagi—cp = ,fz[ﬂ fd3k > r3 Y1ap(Map-cp (K, p).
g FLARIE Y A (2n) KRR

E S
)76 K Y. J. Zhang, H. C. Chiang, P. N. Shen, and B. S. Zou, PRD 74, 014013 (2006).
14 2
[ag— ——— | dQIMap1—
) w/nlplw ABI~CD = o P IMiagi-col
K* e R. L. Workman et al. [Particle Data Group], PTEP 2022, 083C01 (2022).
T — R*K Eg (MeV) - 30
AN
F[K * ][D(lJr)]_,K K (MCV) 128.5 256.6 )
No(500) L5 8°° e P [ = Ve
TN 0.2 600} ----- N(2270)3/2" o AA e
pN 1.4 o o - N(2270)5/2” _',_«—" 250 1 Total ——
wp 4.0 é 400 "’__,—"‘ ;; 200
K% 0.02 R S T 2 ol
KA 0.4 B SRS 100 |- -
np 0.4 ol | _
TA 117.3 800 900 1000 1100 1200 1 T
) A(Mev) 0.8 09 1 11 o 1.2 13 14 1.5
Y.H.Lin, C. W. Shen, and D.Benand S. M. Wu, Y. Dong, A. Faessler, T. Gutsche, Q. Lu, and
B. S. Zou, NPA 980, 21-31 (2018). PRC 112, 015203(2025). V. E. Lyubovitskij, PRD 96, 074027 (2017).
RERFFEEREAETRANEREE RRERTTFSXBEATRSIRIEE

I1JP) = 0 HKK'9FHSMIJP) = 0AH K K 9 FESN—EAmEM =B FIEE
BUNHNRTRE, BUEXERSIHKOKOSFHIEEE
2026 FE B EFERMITS F1E3k
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R FHBR#MME R —HESERERERE
® HNESENETRERRMETHNEMNEER )
HEMIR, AMERTHNEFHESHMARHESES S,

JP=1/2-|JF=3/2"]

2.010 py

(Mn)

=3 2

e N o mEmEl i
¢ BFHHESEHTTEREEENIRTINE. o sp | to

45 F A —LbL iy
L memEs

H.Y.Zhou, F. L. Wang, Z. W. Liu, and X. Liu, PRD 106,034034 (2022).

o BT R RATI SR 575 % 0] O s s 2
D AL A HER; -

p MAGNETIC MOMENT

VALUE [ apy) DOCUMENT ID TECN COMMENT

@ QCDE&%D;EF”J . 279284734463 1 0.00000000082 TIESINGA 21 RVUE 2018 CODATA value
s

* » » We do not use the following data for averages, fits, limits, etc. » & »

2.79284734462 +0.00000000082 SCHNEIDER 17 TRAFP Double Penning trap

@ 4:% QCD*E *u . 2.7928473508 +0.0000000085 MOHR 16 RVUE 2014 CODATA wvalue
FZXRY ] 2.792847356 +0.000000023 MOHR 12 RVUE 2010 CODATA wvalue

2.792847356 £+0.000000023 MOHR 08 RVUE 2006 CODATA value

" 2.792847351 £0.000000028 MOHR 05 RVUE 2002 CODATA value

@ ¥ 1IE n& *}E EE -l:% 2.792847337 £0.000000029 MOHR 99 RVUE 1998 CODATA wvalue
2.792847386 +0.000000063 COHEN 87 RVUE 1986 CODATA wvalue

R. L. Workman et al. [Particle Data Group], PTEP 2022, 083C01 (2022).
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HoERERET ZHHETIHeaFrO B MY R
® HNEwRB R IIAYEIR T B3EN ?&TEEI’J?%EE?E’\JE%%EO

Baryons  Magnetic moment  Numerical Experiment

P %lu“ - %ﬂd 2.842 2793

n %,ud—%,u“ —1.895 —-1.913

A T —0.625 —0.613 £ 0.006

b¥ig %y“ — %/,,s 2.135 2.460 £ 0.006

b THa — %ﬂx —1.055 —1.160 £ 0.025

=0 %’ys - %”H —1.465 —1.250 £ 0.014

B THs — 3Hd -0.518 —0.651 £+ 0.0025

=3 3Hs —1.876  —2.020+£0.05 g J. Wang, R. Chen, L. Ma, X. Liu, and S. L. Zhu, PRD 94, 094018 (2016) .

® AEETH, HNnETrFERW ZHNATITRS FEREZTRSHHMES BRI RE

» 6.J.Wang, R. Chen, L. Ma, X. Liu, and S. L. Zhu, PRD 94, 094018 (2016)

> M.W._Li,Z W. Liu, Z. F. Sun, and R. Chen, PRD 104, 054016 (2021)

» F.L.Wang, H. Y. Zhou, Z. W. Liu, and X. Liu, PRD 106, 054020 (2022)

> H.Y.Zhou, F.L. Wang, Z. W. Liu, and X. Liu, PRD 106, 034034 (2022)

» F.Gaoand H. S. Li, CPC 46, 123111 (2022)

» F.L.Wang, S. Q. Luo, H. Y. Zhou, Z. W. Liu, and X. Liu, PRD 108, 034006 (2023)
» F.L. Wang and X. Liu, PRD 108, 074022 (2023)

» F.L.Wang and X. Liu, PRD 109, 014043 (2024)

» B.J.Lai, F.L. Wang, and X. Liu, PRD 109, 054036(2024)

2026 FE B EFERMITS F1E3k
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B F RSB S SR

® FHANERIREA, mFRMERRABSHBIRESHIENLFERREM.
oh RV R T B R B TR HAEE 1S 2 :

i
2m;

AS ~
;= pjo,;  with ;=
J
m m
a ﬁ‘l‘ B
mqy + mg mqy + mg

AL _ L7 - L
A, = opl, with g =

~S
D
J

Ha

ﬂ T = <JT.\‘S, JTss

asJr JT“> Y. R. Liu, P. Z. Huang, W. Z. Deng, X. L. Chen, and S. L. Zhu, PRC 69, 035205 (2004).

o iﬁ] )\E,\J &——Qﬂ \?,%;?E J\ . quark  Experimental

Baryon model values
m, = 0.336 GeV, my = 0.336 GeV, m, = 0.450 GeV

P 2.79 2.793
n —1.86 —1913
A —0.61 —0.613 +0.004
" 2.69 2458 £ 0.010
b N —1.038 —1.160 4+ 0.025

S. Kumar, R. Dhir, and R. C. Verma, J. Phys. G 31, 141-147 (2005).

2026 FE B EFERMITS F1E3k

P.Z. Huang, Y. R. Liu, W. Z. Deng, X. L. Chen, and S. L. Zhu, PRD 70, 034003 (2004).
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BVNFAET RN FSRENS = SIKIEE N BAEME

T, molecules Scenarios Magnetic moments
)[I[KK*][O(I*)] = 5/.11'(*0 + E[l[(*— L @
A [RR*1[0(1")] i 1141y, ~114 py 114
HIR-R00) = K+ HHK- I 116y, 121 pay s —1.23 sy
_ I C-1.16 ux)
[K*K*][0(17)]
II —1.14 uy, —1.14 puy, —1.13 uy

BT A B0 TSRS 5w SIRIEE BRI BFANER 7 FSRE S e iS5 ixik
ERVHFEME R, X5ENRNIRESIEX.

Systems JP Expressions Magnetic moments

DD’ 1 Lo+ ppe)
D*D’ I Lo+ ppe)

Y. D. Leiand H. S. Li, PRD 109, 076014 (2024) .

2026 FE B EFERMITS F1E3k
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BNARS RN FSRENSRSKEENEAREITH

M1, = <JT.¢.¢JT” Zﬁij + | I, J T> 2
j r 2 ¢ |ﬂTss—>T;5 miy —m2,
— = ——— = %
l Tou—Toy = TEM 3 m2 ,u?v 1 2mr,,
. J. = MinUUr,,, Jr;) F. L. Wang, S. Q. Luo, H. Y. Zhou, Z. W. Liu, and X. Liu, PRD 108, 034006 (2023).
ﬂTss_’Tcs - JTH’J ZﬂZ] ol J W’J
j

Physical quantities [Scenarios Values
Mode Rate (MeV)
I —-0.09 uy , —0.13 pp, —0.14
HN HN HN (Km)* 514 +08
Mk =00+ -k o+ | 11 —0.07 uy, =012 pay , =0.13 py K~  0.05040.005
I1I —0.17 uy , —0.36 uy , —0.43
HN il Hy Mode Rate (MeV)
I 2.11keV, 4.06 keV, 4.62 keV
eV, 4.06keV, 4.62 ke (Km) 472 +05
L&+ & 1001 )= [RR* 1001y II 1.20keV, 3.36 keV, 3.98 keV KO ~ 0.117+0.010
I |7.04 keV, 3091 keV, 4454 keV  R.L. Workman et al. [Particle Data Group], PTEP 2022, 083C01 (2022).

ENFRER Y FALANNE R SEREENEFRETEER/ N TENNERTEE,
X 5iX LR F o FisE s EmTFRRETITREX
IJP) = 0AHKK* 53 F7SMIJP) = 0K K FSHB M R EMENNABEHA SR
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iP5 R EESENN EESRER S FSEXE NS SR
o XTHEMKWKO TS FALEAMNE R ASMEIEEMENTEETRY FALENTRAS
AAEI’Jﬁﬁ??:fMﬁ WAV IR IR L ENIZN R FEVNFFERD FHRE NS T
SlxikE, XEEREEBFFHIKREE FH(ssqq)-
® =it
v I(JP) = 0ANHKK* S Fis
v I(JP) = 0K K* D Fais
® ERTITH: -
— AR = R RTEAAMNRTREE, BAEXEREIHKOK® 5FsiEixs.

® F Az
KWK FARIREERN ARG SR,

0 HERENFTFRERN FARLANMERAIFIZEIREIEILEIN, EILLHCD, Belle 11 FoE
AL EBN FHRITHIEMRI(JP) = 0AHKK MK KD FiSERE, XEEBAE
IEREERXRGFEES FARLE NS SREEEEEE,
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