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Drell-Yan factorisation and TMDPDF
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Drell-Yan factorisation and TMDPDF
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Drell-Yan factorisation and TMDPDF
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And the “Collins-Super (CS) kernel” for evolution in v ({)
S (, H, V) = I(bT, ), K(bT,) = both are m’verl
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Challenges 1n parton physics from lattice QCD
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Relating quasi-TMDPDF to TMDPDF

M.A. Ebert, S.T. Schindler, I.W. Stewart, Y. Zhao, JHEP 04 (2022) 178

F™P(x, by, t, P) = C™P(s1, xP?) g(by, ) exp
T e theo,

% To obtain f™P, one computes /™" with lattice QCD

% Also need non-perturbative calculation of

The Collins-Soper kernel, K(b;, 1)
The soft function, gy(b, 1) ~ \/ Si(br, p)




TMDPDF from LQCD
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Existing lattice results



Intrinsic soft function from lattice QCD
X. Ji, Y. Liu, Y.-S. Liu, Nucl. Phys. B955 (2020) 115054, Phys. Lett. B§11 (2020) 135946
% Compute the form factor

Fibr.P) = (at=p) | by dTdO) | (P

\

_Pz PZ



Intrinsic soft function from lattice QCD
X. Ji, Y. Liu, Y.-S. Liu, Nucl. Phys. B955 (2020) 115054, Phys. Lett. B§11 (2020) 135946
% Compute the form factor

\

—P, P,
% At large P?, it factorises to

J I _p perturbative

Fbr, P*) = 5/(br, p) | dxdx’ Hy(x, x', P", p)

Pz’ Pz

quasi pion TMD wave function
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Intrinsic soft function from lattice QCD

LPC Collaboration, JHEP 08 (2023) 172
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CS kernel from lattice QCD

M. Ebert, I. Stewart, Y. Zhao, Phys. Rev., D99 (2019) 034505

% Compute qTMDPDF ( f IMDy or qTMDWF (&)TMD)
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CS kernel from lattice QCD

M. Ebert, I. Stewart, Y. Zhao, Phys. Rev., D99 (2019) 034505

% Compute qTMDPDF ( f ™P) or gTMDWE (®™D)
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% Determine the CS kernel from the ratio (at large P?)
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CS kernel from lattice QCD

A. Avhadiev, P. Shanahan, M. Wagman, Y. Zhao, Phys. Rev. Lett. 132 (2024)
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Need of new approaches for
Soft function and CS kernel

% Recent, previous lattice calculations involve pion states

=> Universality?



Need of new approaches for
Soft function and CS kernel

% Recent, previous lattice calculations involve pion states

=> Universality?

% Need calculations with other methods
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nB = (0,0, — ny, ng =

mB)

Gives the Collins soft function in Minkowski space
T Related to S,(by, ) and K(by, )
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Our approach:

Soft function and CS kernel from Euclidean Wilson loops

Off-light-cone regularisation in Collins’ soft function, S~(bp, i, y4, Vg)

% One-loop results show:

= Collins soft function with space-like regularisation can be obtained

=» Rapidities are related to the directional vectors of the Wilson lines

3
ROW: 1 + e™as
A — —

—» Finite-length effects are of O(b;f/L‘l) or smaller

% Determine S,(by, u) and K(by, ) via varying r, ;, and fitting to
SC(bT’ Uy V4o yB) = SI(bT9 n) e 2K(br)X(y,~p)



Rapidity regularisation in our approach
Connection to Minkowski space

Il <1, || <1, n%n%(rar,+1) <0 ral > 1, || > 1, n4n%(rar,+1) <0

Il <1, || <1, nSn%(rarp+1) >0 ral > 1, || > 1, nn%(rarp +1) >0



Our approach:

Auxiliary-field representation of Wilson lines

x(b)
P exp igJ dx"A,(x) xH(s) = x*(a) + (s — a)n*
x(a)

1 b
—— | 20Dy or@ exp {igj ds 7(s) |0, = A, (x(9)] w<s>}
/4 a Tﬁe

S. Samuel, NPB 149 (1979); 1.Ya. Aref’eva, PLB93 (1980),...

=P Computing Wilson line = Calculating auxiliary field propagator
—in - D G(x) = o(x)

J. Mandura and M. Ogilvie, PRD 45 (1982); U. Aglietti, NPB 421 (1994)

Analogy to HQET
X. Ji, Y. Liu, Y.-S. Liu, NPB955 (2020)



Our approach:
Auxiliary-field propagator

G(x,7)=K(r) Gx,t—1)
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R.R. Horgan et al., PRD 80 (2009)



Numerical exploration of our method

At large Euclidean time, expect:

T—00 27(r,+rp)/a /4
Snum ~ € ( b)/ /7-

T— 00 i
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T— 00 '
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Thatis, S, 1s real, §, 5 are complex, but 5,55 1s real



Numerical exploration of our method

e Using Nf = 2 + 1 flavor PACS-CS configurations

® non-perturbatively O(a)-improved Wilson quark action and lwasaki
gauge action

e 323 x 64 lattice with a = 0.0907(13) fm
® 400 configurations
® thyp2 smearing

® Up to 32 sources per configuration

® Using GPT/GRID



Numerical exploration of our method
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Numerical exploration of our method
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Numerical exploration of our method
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Numerical exploration of our method
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Numerical exploration of our method
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Conclusion and outlook

% Lattice QCD can contribute to TMD physics

=» Most calculations on the K(by, u)and S;(by, u)
= Existing results obtained from hadronic ML.E.

Need alternative methods to check universality

% We have proposed an alternative method

=» Does not involve hadronic M.E.
=» Complex-directional Wilson loops 1n Euclidean space
=» Numerical calculation on-going



