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Why Baryon ?

Baryon — cornerstone particles

* Matter genesis in the Universe

e Tools to probe micro world

* Astronomy & Cosmology




Why LCDA ?

* Probe internal structure of nucleons in Inclusive processes

Defined PDFs

DIS U

* Obtain richer QCD dynamical information in Exclusive scatterings

Defined LCDAs
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Why Baryon LCDA ? 5

Establish CP Violation in b-Baryon Decays

1956, Parity violation in weak interaction;

1973, Kobayashi-Maskawa mechanism;

CPV well established in meson since 1964:
1964 Kaon; 2004 B meson; 2019 D meson

e 2025, first bservation of direct CPV 1n Baryon:

0
Ah — P BREAKTHROUGH

LHCb, Nature (2025);
J.J.Han, et.al. PRL 134, 221801 (2025)




Why Baryon LCDA ? 6

Searching New Physics beyond the SM

Supersymmetry Leptoquarks
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* FCNC is highly suppressed in SM;
* Thus b-baryon decays, such as A, — A are highly sensitive to NP;

* Leading power FF can factorize into convolution of hard kernel and LCDAs

W, Wang, PLB 708, (2012) 119-126




How to study LCDA ? 7

Light Baryon LCDAs: (1983 - now)

1.23 1.23

* Asymptotic form
Chernyak, Zhitnitsky, 1983, ......

* QCD Sum Rules
King, Sachrajda,1987;
Stefanis, Bergmann, 1993;

X2 X2

-0.96 1.0 A -0.96 1.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Braun, et-al, 2000, 2006; ...... i -
* Models parametrization * Lattice QCD with OPE
Bell, et-al, 2073; ...... QCDSF, 2008, 2009;

RQCD, 20716, 20719, 2025; ...

e Lattice QCD with LaMET
LPC, PRD 771, 034510 (2025); ......

But LQCD in Euclidean space has NO light-cone correlation! RQCD, Eur. Phys. J. A (2019) 55,
LPC, PRD 111, 034510 (2025)




How to study LCDA ? 8

Large-momentum Effective Theory

LaMET factorization: Ji. PRL 110, 262002 2013
Quasi-DA Matching kernel LCDA
¢(x1, 22, P?, 1) :/dy1dy2 Clx1, 2391, Yy2; P*, 1) (Y1, Y2, 1t)
) A%QCD A%QCD A2QCD
(x1P?)2’ (2o P?)2" [(1 — 1 — x9) P?]?

Ji, PRL 110, 262002 2013,

Higher power correction
LPC, PRD 111, 034510 (2025)




Definition of LCDA 9

e —
* Operator definition in coordinate space:

Hepy (81, 2,83) = €7%(0[ £ (Ean) W (&1m, §on) gé/ (Ean)W7 (&am, §om)
x ¥ (€n)WH'*(g3n, Eon)| B(P, M)

] El]k

553

* Leading twist for octet baryon:

(01fa(€1m)gp(Eam)hy (E3m) [ B(P, A))

B %fv [(m)aﬂ(%uB)v@V(gin - P) + (P5C)ap(up)yPal&in - P)}

1 , 5
Octet] n | p | A + /10w PP Cas(v 5up )y @ (&in - P)
fgh |ddu|uud |uds

C.Han et.al. JHEP 12 044 (2023);
LPC, PRD 111, 034510 (2025)




Definition of LCDA 10

e —
* Definition of baryon LCDA:

V(A7 x=x)P? Ptder pHdes ., Lo _

h > i(x x T
! ¢(x17$27u) :/ ) Sl 2 52 e( 161 et P (I)(‘Slaé-Qa:u)
*; ______ >P+ 7T 7T

g/----’szJr

Kiq

* Leading twist for octet baryon LCDA

— [y @y (&n - P)P ysup = (0| f* (&1n)(Cif)g(é2n) h(0)|B)
PRD 111, 034510 (2025) — A: fyy® 4 (&n - P)YPTup = (0| f* (&1n)(Cysit)g(éan) h(0)|B)

2fr®r(&m - P)PTysup = (0| f1(¢1n)(iCo,,n")g(éan) v*h(0)|B)

C.Han et.al. JHEP 07 019 (2024);
VL.C & ILR.Z NPB 24652(1984),
G.R.Farrar et.al. NPB 311585(1989)




Definition of LCDA 11

e —
* Definition of baryon quasi-DA:

VA x—x)P* P?dz; P*d : ~

h > <1 22 _i(xyzi4T0z o

E_ ______ . pz ¢(£IZ’1,ZEQ,,LL) — 5 o S (1214 @222) P (I)(Zl,ZQ,,u)
I

g%~ x,p"

A

* Leading twist for octet baryon quasi-DA:

—fy v (zi, P*) P y5up = (0| f* (21)(Cy")g(22) h(0)|B)
PRD 111, 034510 (2025) — A: fr®a(zi, PP)P up = (0| fT (21)(Cy57")g(22) h(0)|B)
1

2fr®r(zi, P*) P ysup = (0| f7 (21) (§C[WV77“]) g(z2) v*1(0)|B)

C.Han et.al. JHEP 07 019 (2024);




Lattice simulation

12

Nonlocal 2-point function related to baryon quasi-DA:
Co(z1, 2z2;t, P?) = /d% e TP 0|01 (7t 21 20)Dg:e(0,0;0,0)T|0)

* Extract & norm quasi-DA from 2-point function

~

Co (21,22, P*,t) 100 ®(21,22; P?)

C2(0,0; P, 1) $(0,0; P?)

:
C3 O™ (21, 203 P* 1) = &D(zl, 295 P*) (1 + AA(21, 29; Pz)e_AEt)
ground-state excited-states
~10"3 points!

0.40

0.35 A1

0.30 A

o
N
w

0.20 A

0.15 A

0.10

Normalized 2pt and model averaged fit result

Model averaged fit result: 0.325(7))
¢ Normalized 2pt data

....o.o¢+++

nt




Lattice simulation 13
S

Nonlocal 2-point function related to baryon quasi-DA:

Co(z1, 22;t, P?) = /d3a7 e 1T P<O|(’)Smk(x,t; 21, 25)0g..(0,0;0,0)T%-,|0)

Determined by DA Up to choice ?
* Interpolators and projection operators

O Sink-side Interpolators

Osink,v = f (21)(Cy")g(22) h(0)
OSink, 4 = [ (21)(Cv57")g(22) h(0) O Projection operator ?
Osink,7 = Fr (z1)(C[Y, Y1/2)g(22) vy h(0) T = ],qt,fyz

O Source-side Interpolators ?
OL . = (ul Cvys d)u

! (2(uT Crs d)s + (u? Cvs s)d + (st Crys d)u)

Oé\rc — %




Lattice simulation

14

Improvement from interpolator: Kinematically-enhancement

O Standard interpolator: ~ N._ = ¢“*(f1 Cvs g;)ha
(0| N5 [N (P)) = Au(P)

for a static baryon states

O Enhanced interpolator : IV, = e k( fir Cy5Y,. 95)hi

<O|Nv5’m|N(P)> — O‘PMU(P) + 57MU(P)

P /
—— — SNR(Cgpt (t — OO)) X VM_E t
0

si-DA

0.6

0.4 4

0.2

0.0

-0.2 1

—-0.4

better overlap with boosted states

80%

8 r=Cys
B T=Cysye

R.Zahazng4 et.ali arXiv:2501.00729




Lattice simulation

CLQCD Ensembles

O 4 lattice spacings for a = 0 limit & Self-renormalization

O 4 momentums for P, — oo limit

Ensemble Volume Lattice spacing

C24P29 243 X 72
F32P30 323 x 96
G36P29 363 x 108

H48P32 483 x 144

0.1052 fm

0.0775 fm

0.0689 fm

0.0520 fm

292.3 MeV

300.4 MeV

297.2 MeV

316.6 MeV

measurements

864 *4src *91t0

777 *4src *8it0

656 *6src *91t0

550 *6src *8it0

1.96, 2.45,2.94, 3.43 GeV

2.00, 2.50, 3.00, 3.49 GeV

2.01,2.52,3.02,3.52 GeV

1.99, 2.48, 2.98, 3.48 GeV

15




Lattice simulation

CLQCD Ensembles

O 4 lattice spacings for a = 0 limit & Self-renormalization

O 4 momentums for P, — oo limit

0 More pion masses to physical mass limit

Pion mass

H48P32 G36P29 F32P30 C24P29

® © 6 ©

F32P21 C32P23

OO

C48P14
Physical
point
Latt spacing

m
spacing

C24P29 0.1052 fm 292 MeV 864 *4 src *9 it0
F32P30 0.0775 fm 300 MeV 777 *4 src *8 it0
H48P32 0.0520 fm 317 MeV 550 *6 src *9 it0
G36P29 0.0689 fm 297 MeV 656 *6 src *§ it0

Other ensembles with different pion masses

16




Bare quasi-DA results

z-dependence of normed bare quasi-DA

on different lattice spacing

Lambda A term

P%“=0 GeV

Bare results for Lambda quasi-DA, PZ =0 GeV, fix z;=0.000 fm

1.0 . - . ¢ Bare, a=0.1053 fm
} Bare, a=0.0775fm
} Bare, 3=0.0519 fm
0.8 1
’ ’
0.6 . .
g } }
) )
0.4 1
] ]
b b
SR e v}
0.2 ' . . . v #
] . ’ 1]
L]
L]
0'0 T T T T T T T T T
—-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

1.0 A

0.8

0.6 1

0.4

0.2 4

P%=0.5 GeV

Bare results for Lambda quasi-DA, P* = 0.5 GeV, fix z;=0.000 fm ( A;=0.000)

0.0 1=

} Bare, a=0.1053fm
}  Bare, a=0.0775fm
}  Bare, 3=0.0519fm

17




Bare quasi-DA results: Linear divergence 18
|

2_{|212§2| 2129 < 0

Linear divergence of Normed Bare quasi-DA max (21, 22) 2122 > 0

k
a lIl(CZAQCD )

M (21, z2; P*,a) o exp [( -+ mo) 5] m(z1, z2, P?)

P?=0 GeV log scale

Bare results for Lambda quasi-DA, P? = 0 GeV, fix z;=0.000 fm Lambda bare result linear divergence at z1 = 0, 22 > 0
0.0
1.0 A } Bare, a=0.1053 fm bt Rttt ptlalal et i T YRR VA -
L bl P
- - ¢ Bare,a=0.0775fm | | | T TTrmmees bl T S AR
e (N N Bt bl -
¢ Bare,a=o0.0519fm | | | TTTTmme———aa P
B I s o B e R S
[ . T T T T —————
0.8 1 . . ... | Tr S et L N R S -
. R T L Al T T
& | | TTme=dg. | T e—d
-0.4 B oy B N E— -
» L i A e A
0.6 b . e ¥ “!“h'“'-.._‘ hhhhhhhhhhh
= “tre
< b ' A
b b ~~<l temo
0.4 . . ~-. =l
b b ~~L =
' ' —087 § z2=0.05fm ¥+
¥ z2=010fm
t ¢ ¥ 22=015fm
b . . . * ¢ $§ z22=020fm
0.2 4 + 5 . + —1.0 :
’ . . b ® z2=025fm
$ z2=030fm
* 22 = 0.35 fm ~L
. 121 ® z2=040fm =
0'0 T T T T T T T T T T T T T T T T T
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75

z3(fm) 1/a (GeV)




Bare quasi-DA results: Linear divergence 19
|

3 |21 — 22| 2129 < 0
° ° ° z =
Linear divergence of Normed Bare quasi-DA {max(zl,zz) 2120 >0

k
a ln(aAQCD )

M (21, z2; P*,a) o exp [( -+ mo) 5] m(z1, z2, P?)

log scale
Lambda bare result linear divergence at z1 =0,2z2 > 0
We need proper scheme Bl T -
to eliminate the linear divergences ! Sl m i SO A B .
087 § 22=005fm HHE‘H =
® z2=0.10fm
® z2=015fm
104 $® z2=020fm
@& z2=025fm
:aroan \
10l ® ;2;0:40fm B

1/a (GeV)




Hybrid Renormalization 20
- .20

Renormalization on Lattice

. 1 —
Scheme conversion: - cutoff —» MS a

Schemes on Lattice

e RI/MOM Scheme

Alexandrou et.al, NPB 2017; Stewart, Zhao, PRD 2018 ol =y
i «  a=0.0574fm
« Ratio Scheme sl e + 0. 0315fm

Radyushkin et.al, PRD 2017

"% (2)/h%(0)

* Hybrid Scheme with Self Renormalization

Jiet.al, NPB 2021; Huo et.al, NPB 2021 0.2}

‘o..‘.“.‘._,‘_° * J on ‘
0.0 F So00vebiictivereried - oo s

—— The only solution by now to correctly eliminate T
linear divergence in PDFs and DAs 2 (fm)




Hybrid Renormalization

2D renormalization in Hybrid scheme

 Different schemes on different scales

» Extract divergences from different spacings

Very complicated in applying to Baryon DAs
LPC, arXiv: 2508.08971

21




Hybrid Renormalization 22

Bare Matrix Element

Hybrid scheme result

Short-distance region FET Short-distance region
0.7 4 Mixing region } b Mixing region
Long-distance region + .t e + 1.0 4 l t Long-distance region
} Bare, a=0.1053 fm . ot } i }  Hybrid, a=0.1053 fm
067 } Bare, a=0.0775fm ¢ } } } J. 4 Hybrid, a=0.0775 fm
- ® 1]
}  Bare, a=0.0519 fm b ¢ i . ' 0.9 b b t Hybrid, a=0.0519 fm
0.5 T B ' h
b ! ”
0.8
0.4 b
£ b, ' 3
f * |
. 1]
%31 I . t + 0.7 ‘
! i .
0.2 - ' . . (N
b . . s + 0.6
+ U L * '
- .
0.1 - - . !
- . .
e o 0.5
0.0
T T T T T T T T T T T T
-2.0 -1.5 -1.0 -0.5 0.0 05 1.0 15 2.0 -2.0 -15 -1.0 -0.5 0.0 0.5 L0 L5 2.0
Az =Z3P; Az =2P;

LPC, arXiv: 2508.08971




Renormalization & Matching 23
-]

2D matching in Hybrid scheme

- —————
—__——_— --——--~
- -~
- ~
P

~ > A2
Gr(x1, T2, P, 1) Z/dyldyz:CH(%,xz;yl,yQ;PZ,M)‘)@b(yl,ymﬂ)+O ((g;'Q}SS?)

~ '
~~~~~~~~~
———————————————————

O Inverse matching:

C(xq,x5,vV1,Y>) = 4 Dimensional tensor - Reduce to 2D matrix — inverse

O Iterative matching:

O{SCF
2T

b1, 32) = d(x1, x2) + /dyldy2 CV (z1, 20391, 92) d(y1,y2) + O (a2)

The difference between ¢ (x4, x,) and ¢ (xy, x,) introduces error only at higher order

asCF

¢(£U1,$2) = 5(15175132) - Sy

/dyldyg C<1)($1,$2;y1ay2) 5(y1,y2) + O (Oég)

C.Han et.al. JHEP 12 044 (2023)
LPC, PRD 111, 034510 (2025)




Renormalization & Matching 24

o1, 29, i, P?) at P* =3.02 GeV 0 o1, x2)
35 .
P 2, =0.25
307 o =0.5
2.5 1 [ ] r; =0.75
2.0 -
1.5 °
Matching
1.0 4
e e
0.5 -
0.0 o Y TR
_0_5 -
71-0 T T T T T T T _1-0 T T T T T T T
050 -0.25 000 025 050 075 100 125 150 ~050 —0.25 000 025 050 075 100 125 150
72 ) Large Pz
1.50 Pl 12) , d(x1 =0.5, 29)
. ‘. .5 o (J
, BN P =258 GeV limit
1.25 4 3.01 P7 =3.02 GeV
1.00 2.5 e pPr=3.52 GeV
J " 0 P# =limit
N LCDA
& 050 2
0.25
L
0.00
0

-0.25

—0.50 . T T T T T T T
’ —0.5 0.0 0.5 1.0 1.5 -0.50 —0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50
L3

L] =




Summary & Outlook 25

*  We have done:
O LPC, PRD 111, 034510, validated the concept of lattice calculation of baryon LCDA from LaMET

O arXiv: 2508.08971, successfully adopted the Hybrid renormalization on baryon matrix element

*  We now proceeding:
O Continuum & physical mass extrapolation
O More strategies to enhance lattice simulation

O Methods for limited FT, inverse & matching schemes

* Following:

O Please stay tuned our results for all leading twists LCDAs of Proton and Lambda !




Summary & Outlook

Thanks for attention!

26
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Lattice simulation 28
N

Nonlocal 2-point function related to baryon quasi-DA:
Co(z1, 2z2;t, P?) = /d% e TP 0|01 (7t 21 20)Dg:e(0,0;0,0)T|0)

* Extract & normalize quasi-DA from 2-point function

Calz1, 22 P, 1) = S (0108 (21, 22 )| BIP*)) (B(P ) [Ddye (0,05 ) )T
k

oo X 2\ Ak z z z '7/'7
T Bz, 205 P (0,0: P a? [ua (Pl (P)] T Ty

02(217Z2;Pz7t) Ef)(zla*227PZ)€)*(0707PZ) " t—oo Ef)(zlafZZ;PZ)

— — = — -
C2(0,0; P,t) f) ®(0,0; P?)®*(0,0; P%) - ®(0,0; P?)




Lattice simulation

Symmetries of quasi-DA

O isospin symmetry for “u, d”” quarks (on a single configuration);
~ 3,

symmetry of z;, z, exchanging:

4
3
A A ’
V (3:273317:1:3) - _V ($1,$2,$3), 1
A _ A off i
AM(xo,x1,23) = +A (21,22, 23), | Lambda .
=33
A A
T (2, x1,23) = =T (x1, T2, 73) . B
y,
- =02 _
? ® (1,2)=1.87e14 ) ® (12)=-3.73e-14 3 E ® (12)=-236e-14
—a ® (2,1)=-1.87e-14 ® (2,1)=-373e14 -04 —4{ ® (2,1)=2.36e-14
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
22 z2 z2
4
3
B+#A B ?
V # (1122,:131,333) =+V (371,.172,.123), 1
B#A _ B = 0
AB#M (2o, 21, 23) = —AB(21,22,23), | Proton N
-1 -14
B#A B
T5B# (xo, x1,23) = +T7 (21, X2, 23) , 5 Ll
-3 ® (1,2) =9.96e-13 ® (1,2) =3.43e-14 -10 3 7 ® (1,2) =3.62e-13
-4 ® (2,1)=09.96e-13 ® (2,1)=-3.43e-14 —ad ® (21)=362e13
-4 -3 -2 -1 0 1 2 3 4 4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4

22 22 z2




Lattice simulation

30

Symmetries of quasi-DA

Re ®(—z1, —22) = Re ®(z1, 22)

Normed-Bare 2pt Real Part for Term=A, P=3 at Fixed z1=0, F32P30

]
: + hyp=0
! ¢ hyp=1
1.25 A : [] hyp=2
]
i
1.00 .
®
£ poe
< :
© 0.75 ; :
= i
& . !
o 0.50 1 |
© |
CID ]
k] 1
£ 0.25- i
= [}
2 I H
: ! s
000 je-o-& -8 & o et PN S NP
[}
|
1
0.25 1 :
[}
[}
1
0.50 !
0.75 0.50 0.25 0.00 0.25 0.50 0.75
2(frm)

O spatial parity symmetry (at statistical level);

the reality in momentum space ® (x4, x,) leads to:

é(2172’/27 / d,fBl / dx el(xlzl‘f‘xQZz)P

5131,$2,

Pure real

&)(2’1722) = i)*(—Zl, —22)

Im i)(—zl, —2z9) = —Im é(zl,zg)

oo Normed-Bare 2pt Imaginary Part for Term=A, P=3 at Fixed z1=0, F32P30
. [l

¢ hyp=0
! ¢ hyp=1
0.75 1 : ¢ hyp=2
- 0.50 4
[
) 1 * # * *
2 0.25- ! ’
£ AR A
o
: { i1y
R L e e e e et ST
~ B ) [} S . ® . . * :
@ .
3 °: e ‘
[ p L] .
g —025 te
£
£
2
-0.50
-0.75
-1.00 : - - | . T :
-0.75 —-0.50 -0.25 0.00 0.25 0.50 0.75

z2(fm)




Lattice simulation

Symmetries of quasi-DA

Lambda hybrid renormalized quasi-DA
Real part central value at P, =2.0 GeV

=}

'S

(%]

A1 =2z1P;

1.0
S
N
N
d N\
\ .
. region
>
- N
N\
>
N
: . N
region 7 N
0 .
) i P
- region 8 o
/
"
" 7/
-4 ’
4
7/
' 4
- /
e 4
. 7/
7/
-6 -4 -2 0 2 4 6

A2 =2Z2P;

A
Zy 21 =12y
> 4
/4
4
7/
5 region3 7
7/
7/
&
7
7 4
’ region 1 N
\ /7 a
N N
+ > |
N —
7 0 \ 21 ~
5 i
region 2
N\
\
N
N\
N\
N\
N\
N\
N\
N
:
Zq = —Z2

(=]

S

N

o

Lambda hybrid renormalized quasi-DA
Imaginary part central value at P, = 2.0 GeV

A2 =2Z;P;

31

0.75

0.50

0.25

0.00

=0.25
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Ratio renormalization scheme 32
IS

l/;bare(ZlJZZJPZ)
l];bare(zljzz'})z — 0)

l/;ratio (Zli ZZ) PZ) —

Lambda Aterm P?#=0.5 GeV

Ratio scheme for Lambda quasi-DA, P? = 0.5 GeV, fix z2;=0.000 fm ( A;=0.000 )

1.00 1 s * e, ¢ Ratio, a=0.1053 fm
P ' ' ) } Ratio, a=0.0775 fm
0.95 4 n ~ I l ‘ p N » k} "Ratlo,ao.DSlgfm
ﬂ H Uncontrollable IR structures
® oso. - on large z region !
———
o Short Large
0.70 distance distance
0.65 \/ ?

Az = ZEPZ




Self renormalization scheme 33
e

Step-1 (in all regions with linear div.)
b0
k - Yo ln( 1/OLAQCD) d
In M P, =0;a) = = ,  20)a’ + —1 In |1
n M (zy, 22; a) aln(aAQCD)Z+g(Zl z0) + f(21, 22)a” + bo n ln(M/AM—s) Hin |1+ In(aAgon)
/’,
/”
-~
I”
Step-2 (in perturbative region) -~
P P g o’
. 7
g(zlv 22) —In ZM_S(ZL 22 M:AM_S) :ﬂ)z +@[
———'
=" a,Cp [T, 22p2e®s 7 22p%e®E 3 (21 — 29)°p2e®®
Zyig(21, 225 1y Agg) = 1+ 9 [glﬂ 1 3 In 1 1 In A +4




Self renormalization scheme 34
e

Renormalization factor

k

Yo | In(1/aAqep)
CL]II(CLAQCD)

Z+moZ+ f(z1,22)a° + —In + In ll—i— d “
bo In(p/Ayps In(aAqcp)

Renormalized 0 & large-momentum matrix element

Self scheme for Lambda quasi-DA, P, =0.5 GeV, fix 2;=0.250 fm ( A;=0.631)

Zn(z1, 2270) = exp [

¢ Self,a=0.1053 fm

MR(217 225 Pz — 0) — exp (Q(Zl, ZQ) — m()% — b()) L4 ) ) ) ‘ } } } b S:If::zD:DSlem
i
. _ M(ZlazZ;Pz;a) L2 J) tty‘

MR(Z17Z27PZ)_ ZR(Zl,ZQ;CL) ¥ J b hhhh}
10 0) H} h
Non-physical poles }} }
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Self renormalization scheme

Bare Matrix Element

M(z1, 295 P.;a)

Bare results for Lambda quasi-DA, P, = 0.5 GeV, fix z2;=0.250 fm ( A;=0.631)

Ratio scheme
M(Zla 22 Pz; a)
M (z1, z2;0; a)

Ratio scheme for Lambda quasi-DA, P; = 0.5 GeV, fix z;=0.250 fm ( A;=0.631)
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Self scheme for Lambda quasi-DA, P; = 0.5 GeV, fix zy=0.250 fm ( A;=0.631)
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Hybrid Renormalization

2D renormalization in Hybrid scheme

* 1) Short-distance region

MM—S (Zl7 Z2?07 szpl)

~

MM—S (zla <25 07 07 /.L)

- 2) Long-distance region
MM_S (Zlv 225 07 Pz: [,L)
Mg (sign(z1)zs, sign(22)2z5, 0,0, 1)

* 3) Mixing regions

MM_S (zla <2 Oa PZ? /.L)
My (21, sign(22)22,,0,0, 1)

-0(zs = |21])0(|22| = 22,)
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Hybrid Renormalization results 37

z-dependence of Hybrid renormalized quasi-DA
on different lattice spacing

Lambda Aterm  z;=0.250 fm
P?=0.5 GeV P?=2.0 GeV

Short-distance region

5 ce region
Mixing region 0.8 1 l } Mixing region
+ ‘ Long-distance region b b Long-distance region
‘ ‘ L } ¢ ; }  Hybrid, 2= 0.1053 fm 0.6 - b ¢ Hybrid, a= 0.1053 fm
} b ¥ Hybrid, a=0.0775 fm 4 b Hybrid, a=0.0775 fm
b b b 0.4 H 519

ybrid, 2= 0.0519 fm

H ! .
} o4
|

2 4 6 8
H.Bai et.al. arXiv: 2508.08971




Hybrid Renormalization 38
e

Short-distance region . Sho_rt—dista_nce region
0.7 4 Mixing region } + Mixing .reglon _
Long-distance region t 1.0 1 } } Long-distance region
Bare, &=0.1053 fm t b ' L by ¥ Hybrid, a=0.1053 fm
0.6 7 Bare, a=0.0775 fm b b ' i, $  Hybrid, a=0.0775 fm
Bare, a=0.0519 fm b * ' 0o 4 } L b ¥ Hybrid, a=0.0519 fm
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How to study LCDA ? 39
e —

2 Lattice methods for LCDA

Operator Product Expansion (OPE) Large momentum effective theory (LaMET)
the local moments are consistent between light- the light-cone correlator relates to an equal-time
cone coordinate and Euclidean space correlator with a large momentum boost

* Focus on several lowest moments e x-dependent LCDA directly

* Inverse problem from moments to LCDA * Power correction at both endpoints
Light baryon: Light baryon:

OCDSE 2008, 2009; LPC PRD 111, 034510 (2025)

RQOCD, 2016, 2019, 2025 ......




	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33
	幻灯片 34
	幻灯片 35
	幻灯片 36
	幻灯片 37
	幻灯片 38
	幻灯片 39

