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Summary of results
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* Data consistent with 2%, inconsistent with others
* JPC of the three tetraquark candidates X(6600), X(6900), X(7300)

PC =+ +
J #1at>99% CL;J # 0 at 95% CL

J = 2 possible, but highly unlikely, require L = 2
J = 2 consistent, naively expected ] = 0
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Introduction
B —» DDh(h') studies

SO 53288

Two resonance models can fit the data well

[Sci. Bull. 70 (2025) 1432-1444]

One charmonium(like) study
Pentaquark-related studies

= fo(500) + £,(980) + f,(1270)
o Large contribution from £,(980) and
f>(1270) above PHSP of m(rm)

o This model cannot rejected, but implausible

s £5(500) + TA" + T (new exotics)

Resonance | Mass (MeV) | Width (MeV) FF (%) Resonance | Mass (MeV) Width (MeV) | FF (%) k
- SUI nn Iary fo(500) | 376+9+16 | 175423+16 | 197435423 ||| £,(500) | 474+£30+18 | 224 +23+16 | 24814 + 39
f0(980) 945.5 167 187 + 38 + 43 y 2327+13+13 | 96+ 16 +23 | 156*% + 25
fo (1270) 1275.4 186.6 29+2+1
> of %lm 2 of ) S S R R S S L LS "
""" s St S ot &l 7
=== f2(1270) 8 80F 8 8 80 § = an:(Azgr)vu
— gacl:ﬁ nd g S, OF ? S sof 1 —— Totl fit
T D:: t § 60 F 3 wl 3 60 E ol +  Daa
3 «f g S wof 3
E 20F g Dbt 2 a0} 'g 20F:
[¢] B ity S S " i o g . g i S i . ; . Ly
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m(n*n) [GeV]
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m(x*n") [GeV]

m(D; %) [GeV]
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Disparity in A decay that reveals Al =1/2 rule

Test of CP violation PRL 132, 101801(2024) N e o
: : =\ .

1+ ay g e 110 A I
R (COS 9;,, cos %) _ Qp_Qgcost, —4— R(cos0,, cos0_) R,

1+ a,,ascosb, —4— R(cos0,, cos.)
Test of AT =1/2 rule a - # I \ % NI
1.00--;----#-&- =~ SRbis CECE R E n e
1+ 50 i RS 2
R(cosf,,cosb,) = 2 Fasgagcosly,
ns P 1+ay agcost, 095 ) ) . — x —H—
L1of e - 3 ; 2
. —4— R(cosH,, cos0) —R _X 8 .
The average of the ratio - Ricost,, cose;;) 2 % r{% ( s
105 <
(o) / {ap) = 0.870 £ 0.01277:055 2 .
— SIS X /\\ M2EZ B2 TR
P Consistent with kaon decay R Sl e =R S \\ Z1IN
8,/83=28.4+1.3*11.:309 I i 7&} I I X‘
1/°3 . 9-1.0 = 0.95 . . . ]
. r 10 05 0.0 0.5 1.0
Py /P;=-13.04+1.477540.7 cosh
X
Observed for the first time, different from S-wave .

> Study of 20 — yx0

> Study of 2~ — yX~ Decay modes  Data [19-21,32,33] NRCQM [I12] LFQM [13]  EOMS xPT [14]
- A —ny —0.16(10)(5) —0.67(6) —0.25 [—0.43, 0.15)
> Study of 17 - y=E" st S opy —0.652(56)(20) —0.58(6) —0.1 [—0.32, —0.27]
0 — ny e 0.37(4) —0.22 [—0.70, 0.70]
0 T
» Study of 2% — yn =0 5 Ay —0.741(62)(19) 0.72(11) 0.23 [—0.83, —0.59]
> Stu dy of T+ o P ete™ = 5 3% —0.69(6) 0.33(4) —0.15 [—0.74. — 0.63]

1.0(13) [—0.18, 0.38]

> Study of 20 - Aete~
> Chin.Phys.Lett. 42, 032401 (2025)



Summary |

* Introduce an new method to organize operator in lattice *n: 738V e \

* Long range force problem —/ 1:: 1& S | *
* The pole of T, from lattice QCD calculation T, HE P

Table VI. Fitting results of coupling constant cs and the pole position. %E I | 7-
e T - Mo = A

isopsin  potential  ¢5[10 *MeV?| x*/dof E"" — E;;[MeV]

T
S =
FH ki

|
|
7

0 without OPE -1.()5(0.12) 2.75/5 -12.2(4.1) :
0 with OPE -1.55(0.15) 2. ';5/r -10.2(2.4)45.1(3.2)i — _ILJ\ B *
1  without OPE  3.37(0.61) 15/5 41.9(2.7)+ 2.3(0.2)i
1 with OPE  4.42(0.90)  5.55/5 42.5(4.1)+ 2.7(0.3)i v
05 Conclusion and outlook Summary and reflections

* Nuclear lattice EFT can be built without a lattice
(Though still solved with a lattice)

* Lattice discretization introduces more complications, e.g., symmetry breaking

> Build up modified Liuscher formula
* Restore translational & rotational invariances using a smearing regulator

* Extract correct physical information near left-hand cut * Restore Galilean invariance using counter terms (Similar to Symanzik program)
» Fast convergency in partial-wave expansion . WI |Son 'S Viewpoint.
+ Modified effective range expansion has much larger convergence radius * All contact terms compatible with symmetries

should be included to achieve RG invariance
- A stringent test for many-body methods

> Give fast convergent method to calculate modified zeta
function * EFT principles are beliefs |

however, requiring verifications (done for 4 < 4) :?

Thanks for your attention!

> Apply to OPE potential

> Qutlook: apply modified Liischer formula to NN and T/.(3875)



Summary

® CLQCD ensembles can now provide Ensemble | L | T |afim) | m | % | &i | Propagators | "ORSRIC i
h|gh precision hadron matrix e|ement5 CLQCD | F64P13 |64 |128|0.078 | 134 | 40 1.24(01) 0.34M 0.11M \ n "“ [ )
through the b|ending method; CalLAT | a12m130 | 48 | 64 [0.121 | 131 | 1000 |  1.29(03) 0.03M 0.15M
ETMC |cB211.072:64| 64 | 128 | 0.080 | 139 | 750 1.29(02) 1.71M 5.5M
RQCD D452 64 1128 0.076 | 156 | 1000 1.19(25) 0.01M 5.2M
PNDME | a09m130 | 64 | 96 | 0.090 | 138 | 1290 1.32(03) 1.69M 11.2M . J
C32P23 m;=227MeV_a=0.105fm m LJ
0 u B u+d+s = u,DI B s,DI \
d gluon d,DI Il u-+d+s,DI D
N s I OAM
1.25r n(uud) 2(uus) =(uss)
1.00f e Update results on CLQCD ensembles
0.75F * suggest both quark and gluon contribute
0.50k roughly half of the octet baryon spin;
0.25} , o
0.00k e Control on the systematic uncertainties .
_o0.25k . are in progress.
~0.50 Two-pion-exchange tail
Summary & Outlook L] J. Castella and G. Krein, Phys. Rev. D 98, 014029 (2018)
@ O H. Fujii and D. Kharzeev, Phys. Rev. D 60, 114039 (1999)
e G. Bhanot and M. E. Peskin, Nucl. Phys. B 156, 391(1979)
» Summary: we present a first realistic study of low-energy N-V meson —— 3
. . ; . e “mnt |::> In [_V(T)'r /a]
(N-] /1 and N-@) interaction based on lattice QCD calculations near the Vir) = —a = Eeg(r) = .
physical point
» N-cc » N-¢
® The potential is found to be attractive at all distances 1600 s 1600 e -
' ' : b NS :
® [ ong-range potential—consistent w/ TPE . P NweSy) "
1200 i I Nn®Sie) 1200 - H
® Detailed analysis for near-threshold scattering properties s o >
= . 3
= 800 :, — 800f
C <
x " 7 £
Ul A w
: 400 L el 400 -
» Outlook: g, mﬁm@ﬂn el [
® The physical point simulations %00 0.5 1.0 1.5 2.0 %0 05 10 15 2.0
r[fm] r[fm]

® The long-range potential for other hadron pairs o )
® long-range (r > 1 fin) potential is indeed dominated by the TPE

® nonperturbative gluon exchange manifests as TPE
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© Introduction ?‘ﬁ%ﬂ
PR ——p—— > LA, Z=NI, 'E/J IR, B

© Lepton-number violation and 0v3/3 decay

u]

@ Summary and outlook General AB = 1 nucleon decay operator structures

Must involve an odd number of light quarks: gqq, gqqG, qqqqq,

tukEamaznen

- Leading-order interactions: involve only three light quarks

« Only four general triple-quark (without derivative) structures
05" = (Vg )a"q] e,
67" = (W8, eap,

Ga ng Li @ﬁzw (T{, PQL {y)(q]_‘ Z}y QR w)eaﬁ:y

School of Physics and Astronomy, SYSU

Matching from quark to hadronic operators:

external source vs spurion methods . ) .
P + their chiral partners with L <& R

sV,

a*

¥, ¥, s ¥4, combinations of non-QCD fields
y,z,w = 1,2,3: quark flavor indices with g,y = u,d, s

C N N
@';zw (‘Pdﬂqu {y)(qﬁ Gﬂqu,w})eaﬁ}, %+ {v,z} and {y, z, w}: total symmetrization of flavor indices

GL, Chuan-Qiang Song, Jiang-Hao Yu, 2507.02538 (hep-ph)

Newly identified structures
FTEFIIEMFEHATS

October 19, 2025, Nanjing « Form a basis for any triple-quark operators YiLiao, XDM, Hao-Lin Wang, arXiv: 250414855
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e Twist-2 and twist-3 contributions to the Ds — 7w (Ds — fy) form factors at ¢ =0

CONTENTS

Review of chiral dynamics

Decays with chiral dynamics

Scattering with chiral dynamics

®
o]
® Masses with chiral dynamics
®
)

Summary

Form Factors Twist-2 Twist-3 Total
VEFY(0) = V@FY0) | 0200992 — 0.247992 —0.41700% +i0.5175:92 | 0217392 + i0.2775:53
VEFRTP(0) = V@R (0) | 0277503 +i0.217:03 —0.551002 —i0.4170.0% | —0.28%002 — i0.2070 57
f+(0) = fo(0) 0.20%5 02 0.4115755 0.6115:57

e The widths (in unit of 10™*) of Ds —

[77]g €T v obtained from Ds — [rn]

and Ds — fp transitions, under the gg component assumption.

D, — [wr]g et v

D; = [fo = wr]eTve [23]

Data [25)

08170H

18.8733

17.2+1.6

/
N\

Emission source S, ("

k*

\
)

D.DK

% \ \—~> P,
g§>r*< '< ><

A el

= (map; — m1py)/(my1 + ms2)

Two-particle wavefunction ¥ (k*, ")



The nucleon mass at two-loop order

Chlral EFT ------ | e _ﬁ\_

(2a) (28)
b
lLJ\ -
o] N .'k J A N
NS v 4 o o o
7|<I—
i Y » Incorporating

.
/_ e o~ + Renormalised using
. .
et . ¥
—— I ) ) extended-on-mass-shell (
I Gui HEP(2025
—

/ —
Hj—'fj- 0 R-ChNF-N3LO ongoing !

:I:/%‘
i f —

L
NI | XH
L_I a X.LRen, CPC2018
NLO(Q?) X'H I?]l [
Y. Xiao, PRC2020 CX. Wang, 2110.05278
1X Ly, 2111.07766
i « o
N?LO(Q%) + 1
Y. Xiso, PRC2020 C.X Wang, 211005278
1X L, 1.07766
4
: Ly ¢ 9 - [
N-LO(Q%) -4 11 +..

(27)

) scheme

and

Medium-mass nuclei

>

E (MeV)

r. (fm)

Energy, charge radius, and charge density calculated by RBHF using relativistic

LO chiral interaction, in comparison with nonrelativistic ab initio studies.
SS, J.-X. Ly, L.-S. Geng, J. Meng, and W.-J. Zou, arXiv:2507.01257
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« )23 BDKEBENImegeniBREFEREF

* NNLO/N3LOJL¥
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Others ‘
BE(ELR CPV cancelled between S- and P-waves
'm@}i&n M=7,(S+ Prs)u,

N e

LR N }

T

:l: -
T+ ,.
%I\\\ q" i J"ﬁ(l - ]"5)“3\ = My, p[l + Ys)”ﬁ] Up(1 + v5) (v, ) (Ba, 15)P, (1 — 15)ua,— .ﬁ;'

Craig Roberts Sr ~ Py Spc, = —Prc,

N —

A
E_B
B E
5

+CPVs of S- and P-waves might be as large as B mesons, but cancelled with each other.

——
—
-

— =7

*Baryons have spinors and Dirac structures, and thus partial waves.
J.J.Han, J.X,Yu, Y.Li, H.n.Li, J.P.Wang, Z.J.Xiao, FSY, 2409.02821 (PRL)

9 Fu-Sheng Yu



A crypto-exotic /* «

QCD Sum Rule Study of
Topped Mesons within H.
Quark ive T

thod .
Finite Volume Hamiltonian met Resonance parameters of the tor charmonium-like xion Thermalization Rate
a dy S 0 erma a
connecting EFT and lattice stuf ate G(3900)
a n Interaction

@ rotvaxs

Accurate nucleon iso-vector scalar and Chiral Effective Fiold Theory for (& LEea
tensor charge at physical point Cohepsat WAITinD-
A Study of X(6900) as a [cc]lec]

Tetraquark State Decaying into 2J /y

wAMREHARKENR PSS




ElfR&i1: Chiral Dynamics

D The 10th International Workshop on Chiral Dynamics

Geiging. 8081

@ MIT, 1994 Duke, 2006

2021511 A 15HE19H

. R o P Bern, 2009
@ Mainz, 1997 .
o £ Jlab, 2012

‘@ Q ©

International Advisory

@ J eff erson Lab: .2 (')bb " | Committee Thanks to All Participants! See you at CD2024!

Local Qrganizing

Pisa, 2015

Committee
®

€ | Working Group In particular thanks to those who have submitted an abstractlll

@ Jefferson Lab, 2012 = Duke, 2018

Zoom Information

O <> 10thinternational Workshop on Chiral Dynamics
B 28 Nov. 1519, 2071, ONLINE

® Bonn, 2003 AT ST 11) IHEP, 2021
| (@ Bochum 2024



EfF&iY: Chiral

@ Chiral00: PossibIeOExi.stence of the Sigma Meson and its In.1pli.cations to Hadron Physics,
YITP (Kyoto Uni.versity), Japan

Chiral01: Chiral Fluctuations on Hadronic Mattek, Orsay, France

Chiral02: Chiral Restoration in Nuclear Medium, YITP (Kyoto University), Japan

Chiral05: Chiral Restoration in Nuclear Medium, RIKEN, Japan

Chiral07: Chiral Symmetry in Hadron and Nuclear Physics, Osaka, Japan

© © ® © ©

Chiral10: International Workshop on Chviral Symmetry in Hadrons and Nuclei, Valencia,

Spain

Q

Chiral13: Chiral symmetry in hadrons and nuclei, Beijing, China



ER<LiY: Chiral EFT

« 2014--2025

- 2WNFHERE:

BB (JtmKXZE) . BF (FERERESEDIERRR) ( B
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