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Motivation
Baryon & Meson; LCDA; Moments & LaMET

Advances of Framework

Renormalon resummation(LRR); Renormalization group resummation(RGR);

Two loop matching

Advances of Precision Calculation

Simulation improvement; Precision check for meson LCDA,;

Inverse Fourier Transform

Advances of Physical Target

From light meson to heavy meson & light baryon

Summary and Outlook

Precision is the core



° Motivation About Meson & Baryon ¢

* Meson — ubiquitous messengers

MESON BARYON

Light Meson SU(B)flavor 8 ® i |
Heavy Meson SU(4) figpor ---

* Baryon — cornerstone particles
Octet baryons
Decuplet baryons



° Motivation About Meson & Baryon ¢

Meson and Baryon in Flavor Physics

1956, Parity violation in weak interaction

1964, Observation of CP violation 1n

1973, Kobayashi-Maskawa mechanism

2004, Observation of direct CPV 1n
2019, Observation of direct CPV 1n

2025, Observation of direct CPV 1n

!

LHCb, Nature 643 8074 (2025), Theoretical: J.J Han, et.al. PRL 134 221801(2025)
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* Motivation About LCDA ¢

* One try to probe internal structure of nucleons = Inclusive beam-target collision




Motivation
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* Motivation About LCDA ¢

Asymptotic form | BT A\ G W (O VST (1977 - now)
Chernyak, Zhitnitsky, 1977; Lepage, Brodsky, 1979;

QCD Sum rules
Chernyak, Zhitnitsky, 1982; Braun, Filyanov, 1989;

Dyson-Schwinger Equation

Chang, Cloet, et.al, 2013; Gao, Chang, et.al, 2014;

Global Fits
Cheng, et.al, 2020; Hua, Li, Lu, Wang, Xing, 2021;

Application: os

Models
5% 0.4
Arriola, Broniowski, 2002; Zhong, Zhu, et.al, 2021; L.B.Chen et.al S K
PRL 132 201901(2024)%
Lattice QCD with OPE PLB 870 ]39886(2025)% ozl

PRL 135131903 (2025) |,

Braun, et al., 2016; RQCD collaboration, 2019, 2020;
Lattice QCD with LaMET o

LP3, 2019; Next Stage for LCDA ?
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o2 Advances of Framework
Renormalon resummation(LRR); Renormalization group resummation(RGR);

Two loop matching




C Advances of Framework ®

Large momentum effective theory (LaMET):

Eff Match Y

N

7

z

LaMET factorization:

_ 1 1
¢(y; wr) = /dwC(w,y, pr, p)B(2, ) + O < WP 11— y)Pz]2>
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C Advances of Framework ®

LUOAEVIYH (2021-)

Hybrid & Self renormalization Linear divergence
LPC NPB 964 115311, 969 115443(2021) l

Renormalon resummation (LRR)

NPB 993 116282(2023) . . )
Multi-a, extract linear-div

RGR & Threshold resummation
NPB 993, JHEP 03 045(2025) l

Two loop matching . R
Match with perturbative M.S
arXiv:2504.09367

Power correction estimation Renormalon in perturbative results

PRD 110 094038(2025), 112 016013(2025)
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Advances Matching

Resummation Resummation Correction

Self renorm & Renormalon resum

Linear divergence

mmm)  Multi-a, extract linear-divn =)  Match with perturbative MS

LRR+RGR

* Extract from multi Iqttice spacings of zero momentum matrix

\ 4

 Extract from matching with perturbative MS quasi

— $(x)

o : — ¢(x) W/ LRR
Renormalon ambiguity occurs _ — ¢(x) w/ LRR+RGR

A LRR guarantee a more comprehensive
self renormalization x

———y || ——




Framework LRR

Advances

Resummation

RGR & TR

Resummation

RGR & Threshold resummation

NNLO

Matching

Power

Correction

1 1 12 LRR+RGR
¢(y, “R) - /diL’C(iB,y, /.LR,/.L)Q‘;(:B,,U.) + @ < ) ) [ ]
(yP?)* [(1-y)P] <10
O 0.8/ )
‘E i — ¢(x)
e Scale of x; RGR <26 — ¢(x) W/ LRR
S04 — ¢(x) w/ LRR+RGR
* Sum log in kernel: TR |
80 02 04 06 08 10
X
2,07y
RGR+TR
——- DSE 1.5:' ----- Quasi
0.25 4 <=+ This Letter \ "‘; —NLO
! —-- Asymptotic = 10 — NLO+RGR
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LPC PRL 129,132001 ‘2022= Similar in LCDA 7
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Advances i i Matching i

Resummation Resummation Correction

NNLO corrections:

m2 Adep
(2, P) D CE— Momentum space:
Pz)2 , (Pz)2
Matching kernel 1.4 1

____________
- S

Coordinate space: , —2Gev, 2 =0.2 fm
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Advances . . .

Matching

Resummation Resummation Correction

Power corrections in LaMET:

A CD . iy : Match with OPE
¢r (z,P*) = / dyC (w Y, == |or(Y, 1 ) ;’z (P2)2 "

2
. Aoco
(P72

: Estimated by renormalons

Towards precision calculation on

updated framework. How ?




03 Advances of Precision Calculation
Simulation improvement; Precision check for meson LCDA;

Inverse Fourier Transform
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* Advances of Precision Calculationze

LUOAEVIYH (2021-)

Kinematically-enhance

PRD 112 L051502(2025)
Precision check for meson LCDA > Precision
.. JHW et.al.
Inverse Fourier transform
arXiv:2505.14619, arXiv:2506.16689
& Pyquda
, arXiv: 2411.08461

Signal Improve

... Gradient flow

JHEP 06 210 (2024), arXiv:2507.18233
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ERe T - Kinematically - Precision - Inverse
A ISELEE meson LCDA FT

enhance

Kinematically-enhance:

C;(z, }3’ t) - /d3ye_iP.ﬂ<0|‘Z1(3—/’a t)FlU(gy y— z2)¢2(:¢_j — 22, t)z,zz (07 O)Fﬂpl(o? 0)|0>
Sink Src

kaon,sink:gzg5,Pz=1.76GeV

2.2 -
Decomposition in light-cone limit :

PLB 545,345 (2002), EPJC 33, 75(2004) ol = v %

el
1-8-":":'""""""';";"'{"}"'}E R

1.6 A
Can be further extended in baryon case. T sink:gzgSsrc:gs
See Muhua’s talk 14 I sinkigzg5srcigzg5
' ¥ sink:gzg5src:g5gt
$ Combine
1 step towards precision calculation 2 4 6 8 10 12 14
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ERe T - Kinematically - Precision - Inverse
Advances meson LCDA FT

enhance

Moments tension:

1
LaMET LPC | (¢7) = / dz (27 — 1)" ¢ (z, u2) | ©
2022 0
(2022) 0.303(29)
HOPE TMR = —
(2022)
HOPE Mom [ <
\ Zhang et al. | : e
i \ } (2020) h
0.25 ! ——- DSE |
B 4 <+++ This Letter N Bali et al
s —-= Asymptotic y all et al. [ ——
0.00F-—==========-&=1 Sumrule -~ s==——————————— (2019)
= OPE
00 02 04 06 08 10 A e
XPRL 129,132001 (2022) (2011) | | -
. L. . . Del Debbio et al. | | o
* High precision under going in LaMET (2003) b
0.2 0.3

e  Moments tension between LAMET &OPE remain
<&?2>(u=2GeV)
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ERe T - Kinematically - Precision - Inverse _
Advances meson LCDA FT

enhance

* OPE: Local moments

1 _ 1 '
E=2r -1, (E"k(p) = /0 dz (22 — 1)" ¢px (z, p) (2, P.) ~ /0 daz "2 g ()

0101 5B )5(0) K (P)) = i i P D€ c(1) R R R LR R [

Consistent moments from local and non-local

104 ® non-local operator a=0.121 K: é.'Z 101 K*- €2 @ non-local operator a=0.121
@ non-local operator a=0.088 ' L- @ non-local operator a=0.088
@ non-local operator a=0.057 @ non-local operator a=0.057

0.8 4 @ local operator 0.8 - @ local operator

0.6

Non-local moment

0.4 A

O<

i, Local moment

0.0 0.1 0.2 0.3 0.4 0.5 0.6 19 ' ' ' - -
WpiGeV™ The first precision check in LaMET, then ?



ERe T - Kinematically - Precision - Inverse
A ISELEE meson LCDA FT

enhance

Quasi from coordinate to momentum space:

ReleTHn(2)]
mam 1.00 '_g_g_&g o ] ::(—)..gﬁfm‘
g(A) = / dre " f(z) — f(=) = 5~ ZA)\e’)‘x (A) o e P somin
Anin 0.25 ‘3'
o LT
Coordinite space:

0.0 2.5 5.0 75 100 125 15.0

LPC NPB 964 115311(2021);,—hybrid scheme Extrapolation A=2zP,
H.Dutrieux et.al, arXiv: 2504.17706, — inverse problem exist

T
Quasi

JW.Chen et.al. arXiv: 2505.14619; — can be circumvented 12 o, Lightcone
1.00

A.S. Xiong et.al. arXiv: 2506.16689;, — can be addressed 075
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ERe T - Kinematically - Precision - Inverse _
A ISELEE meson LCDA FT

enhance

Limited discrete Fourier transform:

e Tikhonov regularization

e Backus-Gilbert Regulator method Inverse method give ¢ a support plan for extrapolation

° 1 h f 1
Bayesian approac * asafer error estimate
e Maybe more ...
_ Tikhonov Regularization Backus-Gilbert
] - . 3.0
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og Advances of Physical Target

From light meson to heavy meson & light baryon
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ool SN e 00 0 0 0 0
Advances meson LCDA baryon LCDA

OPE
LaMET

B meson LCDA cannot be directly determined

The most important input in heavy flavor physics

* Only models for heavy meson LCDAs
Grozin, Neubert, 1997; Braun, lvanov, Korchemsky, 2004; Beneke, Braun, Ji, Wei, 2018...
* Only models for heavy meson SF
Korchemsky, Sterman, 1994; Bauer, Luke, Mannel, 2001; Neubert, 2005; Lee, Ligeti,
Stewart, Tackmann, 2006; ......
A new approach from Lattice ?

Xuli et.al , PRD 2020, 2022, EPJC 2024




ool SN e 000 0 00 0 0
Advances meson LCDA baryon LCDA

B meson LCDA cannot be directly determined

The most important input in heavy flavor physics

* QCD LCDA: quark distribution in final-state heavy mesons B — D4v:

* HQET LCDA: quark distribution in initial-state heavy mesons B — D¥v

——Cusp divergence =2 Moments forbidden

Only solution: Two step matching

XJ.SZ et.al. 2020
Boosted




ool SN M 0000 0 000 0
Advances meson LCDA baryon LCDA

| BT (R WOV (1983 - now)

Asymptotic form

Chernyak, Zhitnitsky, 1983 ; ......

QCD Sum rules

King, Sachrajda,1987; Stefanis, Bergmann, 1993; Braun,
et.al, 2000,2006; ......

Models parametrization

Bell, Feldmann, Wang, Matthew 2013; ......

Lattice QCD with OPE

QCDSF, 2008, 2009; RQCD, 2016, 2019(2025) ......
Lattice QCD with LaMET

LPC, 2024,2025; ......
PRD 111, 034510, arXiv:2508.08971

W\ OSSN Different
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ool SN M 0000 0 000 0
Advances meson LCDA baryon LCDA

J.J.Han, et.al. EPJC 82 8 (2022), 686PRL 134 221801(2025)
Limited for only few moments:

* First two moments for light mesons ._ S e A IO et e

* First moments for light baryons

* Inverse problem from moments to LCDA

High twist/moments are more important in Baryon I
:

......................................

Soft contribution dominates in baryon decay , leading twist far from enough

26




Advances meson LCDA baryon LCDA
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* Coding in Pyquda: Computing efficiency 800% !
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Thanks for X.Y.Jiang, arXiv: 2411.08461




© Summary & Outiook ©

LCDA

Precision Calculation
Seriously !

Thanks for Your Attention !
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Backup slides

We can also take start from the light-cone decomposition. We start from some convention on light-
cone

v =1/v/2 (7°+£~3) or onlattice=1//2 (¢ +iv?) (4)

Pr=(1/2)y% 7+
Y=vi+¢_, =Py

For a quark bilinears constructed with only ¢, components describe the leading Fock states of
mesons:

ul ysdi=v2a7475d (5)

Here, we have used
PyysPy=v27 75 (6)

It will be trival for a leading twist contribution of a pseudoscalar meson should be v ;v 5 and
v t+iv# on lattice



