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— Motivation

» Large Momentum Effective Theory:

Boosting P* \\\ EFT

LaMET is capable for Entire x dependence distributions
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— TMD Factorization in LaMET

» Multiplicative factorization of quasi-TMDWF in LaMET
P=(x, by, 1, %) S7 (b, p)

+0% +ie

W= (x, by, 1, C) + @(

X.D.Ji et.al. Rev.Mod.Phys. 93, 035005 (2021)
At

= Hi (-xa CZ9M) €xp %K (bJ_aﬂ) In

Pi(x,b,,n,{,): Quasi-TMDWF,

S.(b,,w: Intrinsic soft function,

H*({,,{,,u*):  Matching coefficient,
K(b,,un): Collins-Soper kernel,

PYi(x,b,,u,{): TMDWEF.




- Lattice ensembles

L3xT a(fm) mMeV) m, (MeV)

243x 64  0.12 310 670
measurement
1053 x 4

L3xT a(dfm) m* MeV) m) (MeV)
483 x 48  0.098 333 662
measurement

952 x 4

e 2+1+1 flavors of HISQ action
(MILC)
e Momenta: 1.72, 2.15, 2.58, 3.01GeV

e Coulomb gauge fixed wall source

e 2+1 flavors of Symanzik gauge
action (CLYS)
e Momenta: 1.58, 2.11, 2.64, 3.16GeV

e Coulomb gauge fixed wall source
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= Soft Function by LaMET

» Four quark form factor:

(P2|g@(by)Tq(b1)q(0)I"q(0)|Py)

F(b,,P,P,T,pu) = <0|q(0),yu,75q(0)|P1><P2|Q(0)’Yu’75q(0)|0>

Normalization factor: f,2P, P,

> Factorization of form factor:

F(b,, P, P,T,
Sr(by,p) = k0l eli ol i)

~ tx ~ =+
[ dxidzoH (2, 29, T)¥ (22,b1,¢*)¥ (21,b1,¢7)

Hard mode

Soft mode
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= Soft Function by LaMET
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= Soft Function by LaMET

Operator mixing in Soft function:
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By Fierz rearrangement analysis, these combination

can suppress high twists contribution:
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= Soft Function by LaMET

» Pz dependence of soft function for 2 combination:

Y F(T=y*) +F (T = yys)
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= Soft Function by LaMET

» 1-loop matching soft function
extracted by MILC and CLS

ensemble

> Consistent for ‘“+/-° cases: soft

function is universal

» Discrete effects are significant
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— (CS-Kernel by LaMET

» Collins-Soper kernel: describe the evolution
for rapidity scale:

2C% ln\II(xy b_L7 My C) - K(blau)a

» In LaMET factorization, CS-kernel can be
extracted by ratio:

1 Hi(q;Pf,#)\i’:i:(x,b_L,lJz,Pf)

K(b_l_,,u'ax7P1z’P2z) =

n =~ )
In(P7/P5)  H*(xzP7,u)¥*(z,by,u, PF)
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— (CS-Kernel by LaMET
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— Quasi TMDWFs

» Quasi TMDWEF in Euclidean lattice:

J P?dz . ..
o (z,b1,p,(%) = lim zesz

L—oo 27

. (01 (27, + by ) v v5Uc+q(0)| 7 (P?))

\/ZE (2L +2,b,, “)ZO(]'/G') My F)

» Staple-shaped gauge-link:

Uer = Ul (27, + bty ; L)UL (£Liv, + 2f1,;b1)
X U,(0n,; £L + 2).

b

g

A:z +b lj)(




[ ]
— QuaSl TMDWFS Zo(z9,b10, ¢ = 2 GeV) on MILC
1.1 4
1.0 1 =
. o
4 w® # 2 s
- 3
‘ . 0.8 1 ® ¥
B b,,=012fm -
I b_m =0.24 fm o
71 ¥ b,0=0.36 fm
¥ bio=048 fm
00 0.0 0.1 0.2 0.3 0.4
Zo[fln]
Zo(z0,b10,¢ =2 GeV) on CLS
» Quark Wilson line vertex renormalization:
=
T :I:,O f— 1.01 s
Zo(la ) = G020 E =0 I
\/ZE (2L + |Z()|, bJ_O’ .u')’(rbMS (ZO’ b_LO, ,U,) 09 { & ; g -
| 3 ')
(LPC) K.Zhang PRL..129,082002 (2022) o8 & b, =01fm = z
I b_L() =0.2 fm h s
71| ¥ by=03m =
¥ bp=04fm
0.6 T T T T T
0.0 0.1 0.2 0.3 0.4
zo[fm]




Quasi TMDWFs
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extrapolation in large 4

»> Physical based parameterization :
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— Quasi TMDWFs
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= TMDWFs by LaMET
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— TMDWFs by LaMET
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= TMDWFs by LaMET

\I/(.’E =0.5, b_]_)

» Decay behavior of b, atx = 0.5
»> A comparison with a phenomenological
model at x = 0.5
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‘ SuUumma ry

» Fierz rearrangement analysis is adopt to suppress high twist’s
effect in soft function.

» We calculate the one-loop intrinsic soft function and TMDWEF
with LaMET on MILC and CLS ensembles.

»The MILC and CLS results show good agreement, but discrete
errors are still relatively significant in current results.

Thanlks for your attention! ‘
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