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* Among these, the LCDAs serve as a key theoretical cornerstone for investigating CP violation
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© About LCDA ®
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> LQCD for LCDAs OPE VS LaMET -

T

is formulated as a Feynman path integral on a %j

with a Wick rotation from real time to imaginary time. | l’_ |

g
& |

gluon qugrk

m LCDA: (0]@(67)y U (0,€ ) g2 (£7)|m)

* OPE -~ inlocal limit: — moments of DA
01g2 (€)Y U (67,6 ) g2 (€7)|7) 27 Con(2)™@2(0) (v + 77) s (im. - E})mql(ﬂ)

e LaMET ~ inlarge PZ limit: — shape of DA

P?—oo

(012 (€7)y U (67,67 ) a2 (€7)Im) ~ ~7 (012 (24) (7" +¥*)w5U (24, 2- )z (2-) [w(P?))
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® From Meson LCDA o

Meson LCDAs by LaMET : §p4122 28

m, K LCDA a - 0 * Not physical T mass, RI/MOM scheme,
R.Zhang, H.W.Lin et.al. PRD 102,094519 A truncation
K*, ¢; m,K LCDA a - 0, m; —» 130MeV

(LPC) PRL 127 062002(2021); PRL 129 132001(2022)

Hybrid and Self renormalization * Physical m mass witha — 0

(LPC) NPB 964 115311(2021); NPB 969 115443(2021)... * Hybrid scheme, Self renormazaliton

RGR resummation & Renormalon resummation (LRR):

Y.S.Su et.al. NPB 993 116282(2023) I

Threshold resummation
Y.S.Su et.al. JHEP 03 045(2025)

* Not yet done with lattice results

[
|
:  Towards high precision
|
|

Two loop matching :

Heavy Meson DA * Anew frame work

X.Y.Han et.al. PRD 111 034504; arXiv: 26xxx * High precision is challenge 7
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& Pyquda

, arXiv: 2411.08461...

... Gradient flow
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From Meson LCDA

> Precision!
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o Light Baryon LCDA -

Zy ‘//
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*  From effective Wilson length — Signal to Noise Ratio

>

=

* Signal to Noise Ratio * 8 -> Statistics * 64
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e Light Baryon LCDA o

Vo,0) = To,00 =0

O symmetry of z4, z, exchange:

Lambda
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e Light Baryon LCDA o

CLQCD Ensembles fully exploiting available Eggigégggg {1\/}
siEEScEN: IMRD
CLQCD A
Ensembles a (fm) m, (MeV) Volume Netg Nare P* (GeV)
C24P29  0.1052 292.3 24x72 864  4x9 0, 1.96, 2.45, 2.94
C32P23  0.1052 227.9 32x64 954 4x8 0,1.84,2.21,2.57,2.94
C48P14  0.1052 136.4 48 x 96 302 4 x 16 0, 1.96, 2.45, 2.94
F32P30  0.0775 300.4 32x96 777  4x8 0, 2.00, 2.49, 2.99
F32P21  0.0775 210.3 32x 64 459 4 x 16 0, 2.00, 2.49, 2.99
G36P29  0.0689 297.2 36 x 108 656 6 x8 0, 2.00, 2.50, 3.00
H48P32  0.0520 316.6 48 x 144 550  6x9 0, 1.98, 2.48, 2.98

Table 2: Ensembles
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o Light Baryon LCDA -
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o Light Baryon LCDA -

= HCeTreduction: represent gauge link with heavy quark

he,r, (P,x) = (p PO, U(x, 0) i"zf/_ “‘,j‘z L% (0) P>
=X
D ] - = ¢
e CE e Mr,r, (P, x) = (PN Q() QO (0)|P),
7Q ~ mé) mg g~meV=x* 1
Mrlrz(P,X) —Hrlrz (#2 2\/71[3/2 (mQ‘/__?)g./z hl"lrz(P;X) 1+0 —mQ ,—_xz

= [isi ersive analysis: Insert a complete basis for x = (¢,0,0,0) witht > 0
Myey(P) = ) [ dly(ie) el =% (P[yQIX (XX ()10 |P) |
X

= | orentz symmetry: transfer timelike to spacelike fious
- a
t — o=Aolzl ) 22 o ...
(Pl (@)ytU(z 0)p©O)|P) , , , =e" \Jos ot )
A1 Q1.2 Aza1 Q421
+e Mzl (a —— e — +) + el (a e >+
TR PTE 7 2 el

where the mass gaps {A, < A; < A, < A; < ---} are related to the binding energies of
inserted intermediate heavy-quark systems

——————— 13




o Light Baryon LCDA -

Asymptotic Long-Distance Expansion of Euclidean
Correlators in Lattice Parton Applications

X. i, Y. Liu, Y. Su, arXiv:2601.12189

LA NLA
_ {{ L Az, ) = e e A [Pl(z'zl,i22,PZ) + Pl’(izTiTZ’P ) +]
} -
: IEE te A Izl [Pz(izl,i,%z,Pz) + Pé(izlﬁg ijz’P ) +]
;v\/\p 1. )\W“/\f +eiP oA | [Pg(izl,z',%z,Pz) + P":(iZl'; ijz’P ) +]




e Light Baryon LCDA o
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The Best Results of Baryon LCDA

- 3.84
A Term:

Lambda LCDA: A term extrapolated

Lambda LCDA, A, u=2.0, Norm = 1.11, Ansatz: ¢ = ppny + ;:\—2 +(m2 —-mz . )B +a’C,
4
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V Term:

Lambda LCDA, V, u=2.0, Norm = 0.00, Ansatz: ¢ = Ppny + 25+ (m2 — mZ ohy)B +2a%Cy
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The Best Results of Baryon LCDA

0.04

T Term: :
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Our results:

A (NLA_Im)
1.10891(46)
0.36035(17)
0.36035(17)

0.38821(22)

0.11639(68)

0.04568(25)

-0.11766(51)

V (LA_Im)
2.0(6.5)e-05
0.003448(28)
-0.003434(28)

0.6(2.5)e-05

0.11639(68)

0.04568(25)

-0.11766(51)

20

T (LA_Im)
1.4(5.8)e-05
-0.001885(26)
0.001895(26)

0.4(2.1)e-05

RQCD (PRD 111 094517)

= 4.75%0(2)1(5)a(16)

ol = 0.563733(6),(27)a(43)m ,
ol = 0.24218(9),(46)4(8) 1 ,
T = 0.237739(4),(12)4(19)

A
Y10

T =0.119(14)

il = 0.051(10)
A




Light meson

Light baryon

Lattice scheme

results

© Summary & Outlook C

Renormalization

Ensembles

a (fm)

my (MeV)

C24P29
C32P23
C48P14
F32P30
F32P21
G36P29
H48P32

0.1052
0.1052
0.1052
0.0775
0.0775
0.0689
0.0520

292.3
227.9
136.4
300.4
210.3

316.6

Nucleon GPD...

LPC, PRD 111,

A well-defined LaMET Matching Light cone
—— ——
scheme (Calculating the results A
LaMET matching
kernel under self .
11
Ratio scheme scheme) Done! i !
|
11
Self renormalization (R “I\,'/"
Hybrid scheme Few ;v:.eeks
¥
K
034510 (2025) LPC, PRD 112, 114515 (2025) 5
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