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Summary of results " [
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Data consistent with 277, inconsistent with others o --No interference (different
* JPC of the three tetraquark candidates X(6600), X(6900), X(7300) “~._  spin projections)
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Introduction

B —» DDh(h') studies

One charmonium(like) study
Pentaquark-related studies
Summary
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Two resonance models can fit the data well

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

= 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
£0(500) 376 +9+16 | 175+23+16 | 197+35+23 fo(500) | 474+30+18 |224+23+16 | 248729 +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
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Disparity in A decay that reveals Al =1/2 rule

.
Test of CP violation PRL 132, 101801(2024) H O-
1+ ap agcosl L0 4 R(cosD,, cos0.) —R 7 A\ ¥4 .
R 7} 0-)= - "="""P ' ns W 1
(cos ps COS p) 1+ ap,dzcost, —4— R(cos0, cos@a)
105 4
= | n
Test of AT =1/2 rule —— #
100 [mofocogeco ok T i EEEEEE R
£ *: - e * ‘ -

R (cos 0,,,cos Hp) - M

.
~ l+ay azcost, 095 ) . ) 1 " ° ~S o
L1of E I I ;
The average of the ratio -+ R(cost,, costl,) —HR l X 3 8 2
—+— R(cos0, coseﬁ) .

"4

(o) / {ap) = 0.870 £ 0.01277:055 #
P Consistent with kaon decay 100 [rofmrcec oo oo g n R D E LIJ
S1/S;=28.4+1.31-1 139 -
. 0.95 . . ) 9 A
-1.0 0.5 0.0 0.5 1.0
P, /P;=-13.0+1.4%1'2+0.7 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 = nvy —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]
O T
» Study of 2% — yn =0 5 Ay —0.741(62)(19) 0.72(11) 0.23 [—0.83, —0.59]
= 5 3% —0.69(6) 0.33(4) —0.15 [—0.74, — 0.63]

» Study of Z* — pete~
> Study of 20 - Aete~
> ...

1.0(13) [—0.18, 0.38]

Chin.Phys.Lett. 42, 032401 (2025)



Summary |

 Introduce an new method to organize operator in lattice E— O .
* Long range force problem X
* The pole of T, from lattice QCD calculation a

Table VI. Fitting results of coupling constant cs and the pole position.

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

0  without OPE -1.05(0.12) 2.75/5 -12.2(4.1) ’
[ ]
0 with OPE -1.55(0.15) 2.35/5 -10.2(2.4)+5.1(3.2): V I I
1 without OPE  3.37(0.61) 6.15/5 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 5
05 Conclusion and outlook Summary and reflections
* Nuclear lattice EFT can be built without a lattice
(Though still solved with a lattice)
> Build up modified Liischer formula * Lattice discretization introduces more complications, e.g., symmetry breaking
o _ * 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 ° Wilsonls 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

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



Summary

e CLQCD ensembles can now provide
high precision hadron matrix elements
through the blending method;

C32P23 mp=227MeV a=0.105fm

Ensemble | L | T | afm) | m, | 7 gid Propagators p'°$:2aef§f°'
CLQCD | F64P13 |64 |128|0.078 | 134 | 40 1.24(01) 0.34M 0.11M
CalLAT | a12m130 |48 | 64 | 0.121 | 131 | 1000 | 1.29(03) 0.03M 0.15M
ETMC |cB211.07264| 64 | 128 | 0.080 | 139 | 750 | 1.29(02) 1.71M 5.5M
RQCD D452 |64 128 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

[ u e u+d+s B u,D| ]|
d gluon d,DI I u+d+s,DI
N s m OAM
1.25r n(uud) 2(uus) =(uss)
1.00f e Update results on CLQCD ensembles
0.75F * suggest both quark and gluon contribute
0.50F roughly half of the octet baryon spin;
0.25f
0.00k e Control on the systematic uncertainties
_o0.25k . are in progress.
—-0.50
Summary & Outlook

» Summary: we present a first realistic study of low-energy N-V meson
(N-] /1 and N-@) interaction based on lattice QCD calculations near the

physical point

® The potential is found to be attractive at all distances

@® [ong-range potential—>consistent w/ TPE

® Detailed analysis for near-threshold scattering properties

» Outlook:

@® The physical point simulations

® The long-range potential for other hadron pairs

Two-pion-exchange tail

@, 0O

J. Castella and G. Krein, Phys. Rev. D 98, 014029 (20[8)'
H. Fujii and D. Kharzeev, Phys. Rev. D 60, 114039 (1999)
G. Bhanot and M. E. Peskin, Nucl. Phys. B 156, 391(1979)

—2mgr In [-V(r)r?/a
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[ V(r) = —a . ’ — {Eeﬂ‘(T) - _¥
» N-cc » N-¢
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® long-range (r > 1 fin) potential is indeed dominated by the TPE
® nonperturbative gluon exchange manifests as TPE




Outline

© Introduction
© Charge-parity violation and atomic EDMs
© Lepton-number violation and 0v3/3 decay

© Summary and outlook
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Matching from quark to hadronic operators:

external source vs spurion methods

Gang Li
School of Physics and Astronomy, SYSU

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

FrEFIERENDEMTS

October 19, 2025, Nanjing
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General AB = 1 nucleon decay operator structures

Must involve an odd number of light quarks: gqq, gqqG, qqqqq,
- Leading-order interactions: involve only three light quarks

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

o = (¥, 4t {,,)(qu}y @ Jeapy

+ 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

Newly identified structures

Form a basis for any trip|e-quark Operators Yi Liao, XDM, Hao-Lin Wang, arXiv: 250414855



a_—hml\

1=

2mDAs

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

Summary

®
D
® Masses with chiral dynamics
®
)

Form Factors

Twist-2

Twist-3

Total

V@ F=(0)

= VE@F(0)

0204502 — #0.2445:52

0414008 + 40517003

—0.21190% 490.2715 08

VEF(0) =

V@ F?(0)

0.2710°03 +i0.2170:01

—0.551003 — i0.4175:0%

—0.28%553 — i0.2075,5

f+(0) = £u(0)

0207903

0417908

0.6175:07

e The widths (in unit of 10_4) of Ds — [Tr'n']s et v obtained from Ds — [m7]

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

D, = [wmlgetve | Do — [fo— nm]eTve [23] | Data [25]
0.8115:% 18.8733 172+ 1.6

k*

Emission source S, (1"

)

D,DK
)\\
// =

= (map, — mlpf_,)/(ml + ma)

Two-particle wavefunction ¥ (k*, ")



The nucleon mass at two-loop order Medium-mass nuclei

______ P OP) o . > Energy, charge radius, and charge density calculated by RBHF using relativistic
: ‘ : LO chiral interaction, in comparison with nonrelativistic ab initio studies.

' PRgiai H ' : H ek PR TN H
) N . ] H N
' H et V ———t ,——— —t —— —~—‘ ’-’—
N t /‘ ' | : H H SS, J.-X. Ly, L.-S. Geng, J. Meng, and W.-J. Zou, arXiv:2507.01257
'
(1e)
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w  —800
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. R s | -GRex-LO A ANNLOgo
—d 'k,_._* -4 —1000F g N°LO & N'LO*
| o(p) . o N - . H———
2f) (29) (2h) (21) 27) s B -
O asf® o
) N » Incorporating z | o ]
— e A » Renormalised using and < 40} / 1.
v ' o N - 1. —EXP
M f'z:k} _H_._fzi} extended-on-mass-shell ( ) scheme & [ o 150 o ReyxlO
i T ) A TR A T A S A
[Liang, Chen, Guo, Guo, Yao, JHEP(2025)] 35 féf“"‘g V 7 r (fm)
\

0 R-ChNF-N3LO ongoing !

. — , > N3LO B NEFSER
>< ’1 . 123 BENIEEBSNijmegentBBHEREF
LO(Q°) AN « NNLO/N3LOJLFES
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o ={KPHEXIERR

N3LO(Q%



CPV cancelled between S- and P-waves

-} e

_ q" ﬁpl"ﬁ(l - ?5)“3\;) — mﬁbﬁpﬁl + y_‘j)”ﬁf] up(L + 75)(vsp, ) (Bp, 15)P, (1 — ¥5)ur,— .ﬁ; ;

Craig Roberts Sy ~ Py Spc, ~ —Prc
P /

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

n

*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



QCD Sum Rule Study of ody scattering equation

Topped Mesons within Heavy i { 2
Quark Effective Theory < C S @ IETRSIREAS

AIFE: NI, BB, IS
202510 mese

- ’
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thod © "
B e Resonance parameters of the vector charmonium-like ) ] — .
: Prominent Enhancement of Axion The malization Rate

connecting EFT and lattice study el :
from axion-kaon Interaction

@ rotvaxs

#
Accurate nucleon iso-vector sca a Chiral Effective Field Theory for 0 -
Coherent Neutrino-Nucleus Scattering

tensor charge at physical point

tion of Muon g-2 from

A Study of X(6900) as a [cc]lec]
Tetraquark State Decaying into 2J /y

wAMREHARKENR PSS
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D The 10th International Workshop on Chiral Dynamics

Geiging. 8081
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Chiral00: Possible Existence of the Sigma Meson and its Implicationso Hadron Physics,

YITP (Kyoto University), Japan

Chiral01: Chiral Fluctuations on Hadronic I\/Iatte'r,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

Chirall0: International Workshop on Chiral Symmetry in Hadrons andNuclel, Valencia,

Spain

Chirall3: Chiral symmefry In hadrons and nuclel, B'eijing, China



d/j4y o Chiral EFT

A 2014 -- 2025
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