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Introduction to LCDA\Quasi-DA

Physical Meaning of LCDA.:

It describes the momentum fraction of each parton in the baryon.
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The partonic interpretation has not been proven
beyond tree level.



Introduction to LCDA\Quasi-DA

Operator definition of baryon LCDA 1n coordinate space:

M(Z],ZZ,Z:;,P,,U) — < l]k i’ (Zl) U (Zl, Zo) dg (22) U]/] (22 ZO) }{C (Z3) Ukk (Z3 ZO) P(P, l)>
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|ayn, agn] = PeXp[igJ dt(x — y)”A”(tx + (1 —x)y)]
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f,g h:quark flavour

| P(P, A)): Baryon state

. |
Z] — _(Z] 7O,O7Z])

\/5



Introduction to LCDA\Quasi-DA
<O U, (zl) dﬁ (zz) S, (Z3)

leading twist
= NP C)op(rsup), V(ZiP - 1) + (BysC) putn), Az P - 1) + (i0, P*C) 5y, 751p), T (2P - 1)

P(P, ,1)>

Mz, 20,23, P = (0 [u” () Td (2) 5 (33) | PEP, /1)>R I= Cyst

Difficulty of LCDA: cannot be calculated perturbatively



Introduction to LCDA\Quasi-DA

A good way to calculate non-perturbative physics:

Lattice QCD

Flaw of Lattice QCD: only cannot solve light-like correlator

Matrix element which 1s calculable on Lattice: Quasi-DA

M(zy, 29, 23, P, 1) = <0 ‘MT<Z1) I'd (z) 5 (z3) ‘ P(P, ’1)> = Cystt,

R

z=1(0,0,0,2)



Large Momentum Effective theory
10.1103/PhysRevLett.110.262002

LCDA Quasi-DA
Light-cone operator Equal-time operator

relation ?




Large Momentum Effective theory

Baryon-DA

Agcp A Agc
q)(xl,w%Pznu’) — /dyldy2c ($1,$2,y1,y2,P2,,u)q)(yl,y2,u)-|—(9( QCD QCD #)

x1P?’ xoP%’ (1 —x1 — x2) P*?

The matching kernel C 1s perturbative calculable.

The matching kernel 1s valid for the same renormalization.



Large Momentum Effective theory

Procedure to calculate LCDA:

1. Using pQCD to calculate the matching kernel.
2. Calculate the quasi-DA using Lattice QCD.
3. Do the same renormalization on Quasi-DA

4. Convert the Quasi-DA calculated on lattice to LCDA.



HYb l‘id Renormalization arXiv:2008.03886v2

Difficultyl: Regularization

Perturbative QCD. v.s. Lattice QCD
DR Hard-cutoff

Difficulty2: Cannot introduce infrared effect

We need to extract perturbative information on Lattice.

Difficulty3: Perturbative calculation of Quasi-DA 1s divergent

even after MS subtraction.



Hyb l‘id Renormalization arXiv:2008.03886v2

The previous method: RI/MOM

MMS(xla'x27 H, P2 — O)

MRI/MOM(X X ,/’t9P2 — O) — _
v MMS(xla X2, U, P? = — p)

Linear divergence is not eliminated throughly.

It introduces extra infrared structure.



Hybrid Renormalization

1. Do ‘Self-renormalization’ to Lattice element

~ A M(Z]azza a’PZ)
MM5(z,, 25, PY) =
ZR(ZD 225 (1)
. k o Inll@hge)]
Zp(zy, 29, a, p) = exp[(aln[aAQCD] my)Z + he In[ Inla /D] + In[1 + —ln(aAQCD)] +f(zy, 25)al

2. Do ‘Ratio-renormalization’ to both lattice matrix element and perturbative calculation.

< hybri M"5(z,, 2,, P)
MYy, 25, PR = —— —
MMS(z1(z4, 20), 25(24, 20), P = 0)



Hybrid Renormalization
arXiv:2008.03886v2

A scheme which deal with short and long length scale differently.

On lattice QCD side: Self-renormalization

A scheme convert factor should be included on Lattice QCD to convert to
M S scheme

In[1/(aAgo ]
M _ ]+f<gl,gz)a]
n(u/ Ay In(aAqep)

\y/ H_/W

Linear divergence Log divergence Discrete effect

k oY
Zr(21, 22, a, j1) = exp [ (—] — 7’m)) E-I-)—O In l

] +In [1 +

alnfaAqep b




Hybrid Renormalization
arXiv:2008.03886v2

A scheme which deal with short and long length scale differently.

On lattice QCD side: Self-renormalization

A scheme convert factor should be included on Lattice QCD to convert to
M S scheme

k Yo In[1/(aAqcp)] d
————mp | 2+ —In | ——————— . 21, 2 ]
aln[aAqgep) nz()) * b H l In[p/Ays] In(aAqep) +f(z1,22)a

\y/ H_/W

Linear divergence Log divergence Discrete effect

Zr(21, 22, a, j1) = exp [ (

] +In [1 +

M(Z],Z2, a,PZ) T M(Zlazza €9PZ)

-0
Y Zyis(z1, 20, €)

Claim: lim,_, = MMS(zl, 25, P%)

ZR(ZI ’ Z27 a)



Hybrid Renormalization

On pQCD side: )
Quasi-DA is a plus function which contains divergence even after MS

M(x)g = M(x) — 5(x — xo) JM (y)dy

lim, o M(x;, %), P, €) = o — de1/2M(x1/2) is divergent at large x



Hybrid Renormalization

1
Where does — come from ?
X

M(z;, 25, P, €) D logzlz, lngzz, log(z; — 2,)°

lo z2—>L logz? - —— log(z; — 2,)° —
831 , L0825 , 108\ 4 2
X | | %, | | x; — x|

A simple solution: Ratio with 0 momentum matrix element when z is small

M(Zla Z29 Pa €)
M(Zla 2230,6)

MratiO(Zl’ 2, P, 6) —



Hybrid Renormalization

Ratio
short long
In PDF case: only one length scale i (-)['y(0) ﬁ/H /—/R
ZS

In baryon-LCDA case: three length scale w”(- )Ty(~ )w(0) = z; 25 (z,—z,)

29

Short and long distances are mixed in yellow area.
Matrix element should be renormalized separately.




Hybrid Renormalization

Up to one loop, the scale is separated: Alogz]2 + Blogzz2 + Clog(z; — z2)2

"5z, 20, P)

qhybrid(Zp 2, P) —

M— 21,22, 0, P?, :
AMS(72'U)9(ZS — |21])8(| 22| — 225)

MM_S (zla Sign(ZQ)zzsa 0,0, /"‘)




Result and Outlook

One-loop calculation:

(c) Q2Q3




Result and Outlook

One-loop calculation:

- OZSCF 1 3 z
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Result and Outlook

One-loop calculation of ratio element:

SN (21,22, 1) = MY (21, 22,0,0, ) (8(225 — |21])0(2s — | 22]) + 0(2s — |21])8(|22] — 25)0(225 — |22))
I Mggl) (21, SigIl(ZQ)ZZS, 0,0, :u') 0(23 - |Z1‘)0(|z2| - 225) 3 Mzgl) (Sign(z1)2zs’ 22,0,0, :u) 0(|21| - 2zs)9(zs - |22|)

+ MV (25 + (21 — 22)0(21 — 22), 25 + (22 — 21)0(22 — 21), 0,0, 12) 8(|21| — 24)8(| 22| — 25)8(25 — |21 — 22])
+ MV (2 + (21 + 22)0(21 + 22), —25 + (22 + 21)0(—22 — 21), 0,0, ) 0(|21| — 25)0(| 22| — 25)0(25 — |21 + 22))
+ MLV (sign(21)2s, sign(22)22s, 0, 0, 1) (| 21| — 25)8(| 22| — 25)8(|21 — 22| — 25)8(|21 + 22| — 25).




Result and Outlook

Chybrid(xl, X2 Y15 V2o /’t) — CMS(xla X2> Y15 Y25 /’t) i 5C(x1’ X2, Y15 Y2 //l)

SC ¥4 ¥4 ¥4 z
502)(-’151,902,3/1,3/2,Pz,ﬂ) (PZ)2a . [IH[(ml Y1) P?, (22 — y2) P + Insi[(2z1 — 91) P, (22 — y2) P7]

+ Iusu[(z1 — y1) P?, (z2 — y2) P?] + Iusmi[(z1 — y1) P?, (z2 — y2) P?| + Iusiv[(z1 — y1) P?, (z2 — y2) P?]

P
+ Is[(z1 — y1)P?, (x2 — y2) P?] + d[(z1 — y1) P?] gln (MQZQ’YE) + 4) : (3.22)

le de 7 2 (g 2 3 2
Inlp1,p2] = / 9 97 etP12111P222 [g In (21) + e In (22) + 7 In ((21 — 22) ) (B.7)

X (0(22s — [21])0(zs — |22]) + 0(zs — |21])0(|22| — 25)0(225 — [22]))
== g [IO ({22’3, _2zs} ap2) 11 ({ZSa _Zs} ’pl) F (IO ({223, _223} apl) =40 ({Zs, _ZS} 7p1)) I1 ({Zsy _zs} ap2)
+10 ({25, —2s} , p2) (I1 ({225, =225}, p1) — I1 ({2, =25}, p1)) + 10 ({2s, —2s} , p1) 11 ({225, =225} , p2)]

+ 87 (o1 - p2) [sin ((p1 + p2) 2s) [11 ({zs, —2s},p1) + I1 ({25, —2s} , —D2)

—I1 ({224, =225} ,p1) — 11 ({225, =225}, —p2) + 11 ({325, =325}, ;1) + I1 ({324, —32,} , —p2)]
+sin (2 (p1 + p2) 2s) [-11 ({2s, —2s} , p1) — 11 ({25, —25} , —p2)

+1I1 ({325, =325}, p1) + 11 ({325, =325}, —p2)]

+cos (2 (p1 + p2) 2s) [=11t ({25, =25}, p1) + 11t ({25, =25} , —P2)

+11t ({325, —32s},p1) — I1t ({325, =325}, —p2)]

+cos ((p1 + p2) zs) [-11t ({zs, —2s},p1) + 11t ({25, —2s} , —p2) — 11t ({225, —225} , 1)

+I1t ({225, =225}, —p2) + 11t ({325, =325}, p1) — 1t ({325, =325}, —p2)]]




Result and Outlook
Apply hybrid scheme to all leading twist LCDA:
INPC) o 5(r51p), V(P - ) + (By5C) g 5(up), Az P - 1) + (0, P*C) 57,7510, T (2P - 1)

Does scales separate to all order? —A prerequisite to hybrid
scheme

n=1 m=0 n=1 m=0 n=1 m=0

M, (21,2,0.0.4) = ( ZZasanmLm><1+zzn:afbn7mL£"><1+22ascnmLm>

22 ulee 2uleE (21 — 2,) e

L, =1n & L, =1n &.L,=1n
1 1 2 12 1

Operator mixing problem.






