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> One dimensional LCDA
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» Large Momentum Effective Theory:
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- TMD Factorization in LaMET

» Multiplicative factorization of quasi-TMDWF in LaMET
W= (x, by, s £F) ST (buok)

+{% + ie A%QCD M? 1 )

+ 1 +
= H* (x,{% ) exp EK (by, 1) IHT = (x, b1, p1,8) + @( X, (PR b

X.D.Ji et.al. Rev.Mod.Phys. 93, 0?15005 (2021)
t

Pt(x,b,,pn,{,): Quasi-TMDWEF,

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

H*({, {,,u*):  Matching coefficient,
Kb, n): Collins-Soper kernel,
Yi(x,b,,u,{): TMDWEF.
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- Lattice ensembles

3T a(@fm) m*MeV) m)(MeV) L3xT a(dfm) m*MeV) m) (MeV)
243x 64  0.12 310 670 483x 48  0.098 333 662
measurement measurement
1053 x 4 952 % 4
e 2+1+1 flavors of HISQ action e 2+1 flavors of Symanzik gauge
(MILC) action (CLS)

e Momenta: 1.72, 2.15, 2.58, 3.01GeV e Momenta: 1.58, 2.11, 2.64, 3.16GeV
e Coulomb gauge fixed wall source e Coulomb gauge fixed wall source
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= Soft Function by LaMET

» Four quark form factor:

(P,|q(b1)lq(b.)g(0)I"q(0)|Pr)

F(by, Py, P, T, p) = (0|7 (0)v*7°q(0)| P1){ P2|q(0)7,7>q(0)|0)

Normalization factor: f;? P, P,

> Factorization of form factor:

F(bJJPl’PZ,F’:U')

SI(b_L7l‘l') — ~ % -~ +
fdmldx2H(mlam2aP)\I’ (w2)b_LaCz)lI’ (ml, bJ_’Cz)

Hard mode

Soft mode
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Soft Function

= Soft Function by LaMET
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= Soft Function by LaMET

Operator mixing in Soft function:

4
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By Fierz rearrangement analysis, these combination

can suppress high twists contribution:
Y FT =y")+ F( = y'ys)

= (W W)Wt Wa) + W vswi) Wy y¥sWa)
= WY YsWWaYYsWa + Wy Wy Wa
FI'=D)—-FI =ys)

= W) W) — W,rswp)W.oysw,)
1 1

= SV YWl Wa — SV Vol W

Y.Li et.al. PRL.128, 062002 (2022)

e The UV divergence in the I and 75 form factor.
can be removed by the renormalization constant of
scalar density operator Z.F.Deng et.al. JHEP.09,(046 (2022)
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= Soft Function by LaMET

» Pz dependence of soft function for 2 combination:

F(T'=y*) +F (T =y FTC=1)-F(T =y
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t t
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= Soft Function by LaMET

51 (bs, )

» 1-loop matching soft function
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- CS-Kernel by LaMET

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

24% InW(z, b, 1, ¢) = Kby, ),

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

L H*(xP§,p)¥ + (2,b1,p, PF)

K Pz, P?) = ;
(oL, p,x, Pf, P5) In(P7? /P§) o H*(xP?, p) 0% (z,by,p, P§)
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- CS-Kernel by LaMET

1 H*(xzPz, 1)V + (2,b,, p, P?)
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= Quasi TMDWFs T 4 1

As +b,%)

» Quasi TMDWEF in Euclidean lattice:

PZdz . . (-L+20) 4 (L +20) :
2 = 4 ixzzP .
A (iL', b_L,/'l"C ) - Lh_)m 2 € ——
(017 (21 + by 7s) ¥ 15Uexq(0) | 7 (P?)) Zg: o
\/ZE (2L =5 2y b_L’ I'I')ZO(]-/aw 22 P) %l Linear; Pink pole /
» Staple-shaped gauge-link: Logarithm divergence

Uer = Ul (2, + b1y ; L)UL (LA, + 2R, b1) / g
X U, (0fy; =L + 2).
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° Zo(29,b10, ¢ =2 GeV) on MILC
|
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= Quasi TMDWFs

& (2, b1, 1, ¢%) = lim [ D207 giaapr (0| (2 + bi7y )Y y5U,+q(0) |7(P?))
RVl 9y — _—
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= ——ppee——— » Quasi TMDWEF in coordinate space and

0.8 1 m
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0.6 1
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= Quasi TMDWFs

E(2,by () = lim [ 10 giozP’ Ola(z: + b1 )y5Uesa(0)|7(P7)
sy 01y Uy = Ta._
LweoJ  2m vV Zp(2L £ 2,b1,4) Zo(1/a, u,T)
Im[¥(z, by, u, C?)], P* =2.15 GeV
1

Re[¥~(z, by, u, ¢?)], P* =2.15 GeV
I

0.7 1
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— TMDWFs by LaMET

- o ol e 1 + el
W= (x, by, 4, C%) 87 (b, ) = H* (x, 8% p) exp K (by,u)In ; Y= (x, b1, 14, C)
MILC: Re[¥(z,b,)] H* (2,6, 1) 2
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0.8 1
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— TMDWFs by LaMET

Re[¥*(z,b,)] on MILC Re[¥~(z,b,)] on MILC Re[¥~(z,b,)] on CLS
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0.6 0.6
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— TMDWFs by LaMET
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» Decay behavior of b, atx = 0.5
» A comparison with a phenomenological
model at x = 0.5

z(l — z)b?
¥(z,b.) = 62(1 - z) [1 + %a§(5(2m —1)*— 1)] exp l——(14a2 )bl]

C.D.Lv et.al. PRD75,094020 (2007)
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*. 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.

Summary

k. Fierz rearrangement
analysis can be adopted to
suppress high twist’s effect in
soft function.

*. Future calculations with
more b, on smaller lattice
spacings are necessary to get
more complete TMDWF
results.

Thanks for your attentions!



