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Matching kernel

T¢E+i \ AZ M? 1
\Il:t .CC bl,,ul, gzils b_L, 1 Hi Cz Cz ) iln C+ 0K1(bJ_,li||\I,g:q (x,bJ_,IL,C)‘+0 QCD, S
Quasi-TMDWFEF Intrinsic soft function Collins-Soper kernel TMDWF

C_ In \Ij:l: (QZ‘, bJ_a s C) = Ky (bJ_v :u)

C Collins-Soper kernel
Phys.Rev.D 106 (2022) 3, 034509
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Light-front TMDWEFs:
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X.Ji, et. al., Large-momentum effective theory, Rev. Mod. Phys. 93 (2021) 035005.

%SQQQ\
Y
=
:(_

14




Si(bJ_mua 5+75_>

1 _
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M.G. Echevarria, et. al., Phys. Lett
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2147 6

. B 726 (2013) 795.
M.G. Echevarria , et. al., JHEP 07 (2012) 002.
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One-loop diagrams for the soft funtion.
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Diagram (a)(d) give the virtual diagram,

and diagram (b)(c) give the real

diagram.

VARN == uml

~

15




S:t(b_LalLL7 5+7 5_) —

== z
\ijt (Qj bJ_ 10 C_) — (B ¢Qq (CE bJ_wu'?C )

—tr(0|T Wi T (b) |5+ Wit (bL)]s- Wik (0)]5- Wi (0)]5+10)

L—oo \/Z g (20,0, 1)

1
~—tr(0|7W(C)[0)

C

ZE' (2L7 bJ_a :u) —

& &

Ln b 51 2L Ln b
6 = ]
q
by
¢ ]
(~Ln.,0) $9 (Ln.,0

MJmﬁ -

16



QSCF
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asCr Lg 3 12 1 72
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where ( = 2(zP1)%e?n. ( = 2(xPT)?%e%n e?Yn = 51 /6

f(x,20,b1, 1) = {(:CO(;C_ 20) ;o> (qu —|—Lb) Kl (b_l_7 M) _ OJSCF Lb

+£]9(m0x)+{x—>lx,x0%1xo}.
Lo

Collins-Soper kernel

X.JiandY. Liu, Phys. Rev. D 105 (2022) 076014.
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2. TMDEFSLaMETICE: —B&ER
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5 5 One-loop diagrams for the quasi TMDWF.
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One-loop diagrams for the Wilson loop.
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F(b_]_,Pl,PQ,,LL) —

(P [(al') (b) (cI'90a) (0)] Pr)
f2P1 - Py
I =T =1, v5 or y1 and 7175

(0 [ (0) v*+5(0)| P1) = —if PI
(Py ¢ (0) 7,7°¥(0)| 0) = ifr P,

(Ta (T2 P2) qa (22P2) | (¥al00) (0)(eT'0a)(0)] o (21 P1) @c(T1 Pr))

(0

(Ga (72P2) o (w2 P2)

4P - Ps
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P! = (P#,0,0,P?) and Py = (P*,0,0,—P?)

One-loop Feynman diagrams to the form factor. The

quark self-energy corrections are not shown.
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22
F(bL,Pl,PQ,,u):FO{l—OZSCF [L2—|—Lb( 1Q Q 3)

20)? 2002
+ 2 1n? i+—12£+1
2 (2 2 (12

/

_ C Q2% 1., Q22 1., Q%2
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(b1, P1, P, 1) om 2 4ebr T3 2e2E T3 202w
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FO =< 4NC,1
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for I' =15, v1 or 7175

The form factor is an infrared-safe quantity at one-loop order!
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3. NS IAEF: EFik

H _
F(bJ_,Pl,PQ,,U) — /dxldeHF(Q27Q27:u2)

+ o tr oy, © /
Qb(jq<x27bJ_7:u75+) ] [ w(jq<x17bJ_nu75_)
)

X
[\/Si(bbu, 55,07 | | V/SE ML, o, 0
Si(bJ_7M75+ 0~ )
VSi bty 0,07 )SE (b, p, 6%, )

Intrinsic soft function

F(bJ_,Pl,PQ,ILL) :/dxldxgH(ml,mg)Sr(bL,,u)

X\ijga($2, bJ_, Ly CQZ)\Iquj(xla b_l_a Ly Clz)
C

asCr I,

S’r (bJ_,,LL) =1-

The leading-power reduced diagram for the

large-momentum form factor of a meson. Two
H denote the two hard cores separated in the
transverse space by b, C are collinear sub-
diagrams and © denotes the soft sub-diagram.
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For I' =TI or I' = 75, we have the hard kernel

HF(Q27Q2)=H$)[1+QSCF(—ln 2—Qz—ll 22@2 6 —2)].

27 2 w2 2 2

For I' =~ or I' = 7, 75, the hard kernel is calculated as

> A2 © asCr (3, 4Q°Q° 1 22_Q2_1 22Q* T
Hp(Q?,Q%) = 1+ o (21n A 2l 2 2ln M2+6 811.
= =17
AN’ B
Hp) =47
A I' =75, v1L or v175
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3. UE=RAREF: EFHEy

For I' =1 or I = 75, the matching kernel is then derived as:
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1 H

For I' =+, or I' = v, 5, we have:
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Hp(Q% Q% 1?)

: ,
17 (6. Gon) | |1 (c5.Gm) |

where (7 = (2x;P - nz)Q, 522 = (2%; P - nz)Q, and the condition (7(5 = (1(2 is used.
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FIG. 6: Factorization of form factor shown in Fig.[l(a). Only
collinear mode contributes in this diagram, while both hard
and soft contributions are power suppressed.
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Hp(Q* Q%) = H™(-Q*)H>"(-Q?)

Q* = z129P, - P,

(1,d) W \\W - W
+HO @40 © (42) x (1> WV,

J. Collins and T.C. Rogers, Phys. Rev. D 96 (2017) 054011. Q* = 1 32P1 - P m




4. IBRER

Re[U—(z, b, i, ()], P* =2.15 GeV Im[U—(z,b,, i, C?)], P* =2.15 GeV
. 1
L — & B b =la by =da
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I 0.8 i
I |
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I I
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
T x

The quasi-TMDWF in momentum space, with hadron momentum Pz=2.15 GeV and for the MILC ensemble.
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Lorentz boost

>
>

L > o

Ji, PLB811(2020); Ebert,

. JHEP04(2022) .
Equal-time correlators, Space-like correlators,

directly calculable on lattice NO effective method for directly calculation
Connected at large-momentum limit

Matching kernel

o 1 - 1 2 440 A2 M? 1
W, o, b1, i CYSE (b, | =B (5,05, )l ™ 56 Kl"’l’““\lféz (@b, OO (292,
Quasi-TMDWF Intrinsic soft function Collins-Soper kernel ~ TMDWF
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FIG. 4. The left two parts are for real (upper panel) and imaginary parts (lower panel) of the TMDWF W™, and the central two

correspond to ¥~ all for the MILC ensemble. The right two parts correspond to ¥~ and the CLS ensemble. These results approach the

infinite P* limit with ¢ = (6 GeV)? and y = 2 GeV.
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4. IBRER
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The lattice data on quasi-TMDW(Fs from LPC.

LPC collaboration, Phys. Rev. D 106 (2022) 034509.
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