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Nonperturbative inputs for TMD phenomenology

« TMD factorization (for Drell-Yan processes):
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Lattice QCD Calculation of TMDPDFs

with Large-Momentum Effective Theory (LaMET)

X. Ji, PRL 110 (2013); SCPMA57 (2014).
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Lattice QCD Calculation of TMDPDFs

with Large-Momentum Effective Theory (LaMET)
Relationship between TMDPDF and Quasi-TMDPDF:
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* Ji, Sun, Xiong and Yuan, PRD91 (2015);

e Ji, Jin, Yuan, Zhang and Y.Z., PRD99 (2019);

e Ebert, Stewart, Y.Z., PRD99 (2019), JHEPO09 (2019);
e Ji, Liu and Liu, Nucl.Phys.B 955 (2020), 1911.03840;
» Schaefer and Vladimirov, Phys.Rev.D 101 (2020);

Milestones in lattice calculations: . x Ji, Y.-S. Liu, Y. Liu, J.-H. Zhang and YZ, 2004.03543.
1. The nonperturbative Collins-Soper kernel;
2. The soft function;

3. The full TMDPDF.



The Non-perturbative Collins-Soper kernel

TMD STMD,.. 7.
1 ln Cns (ﬂ,XPf)B (xa b T ﬂ, Pf)
i -
In(P}/P3)  CTMD(y, xP2) BIMD(x, b 1, u, P3)
Ji, Sun, Xiong and Yuan, PRD91 (2015); Ebert, Stewart, Y.Z., PRD99 (2019).

First exploratory calculation on a quenched lattice:
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Target error: by [t

P. Shanahan, M. Wagman, Y.Z., Phys.Rev.D 102 (2020).

<10%for0.2 fm < b, < 1 fm

Further application of forming ratios: Ratios of

- - . Ebert, Schindler, Stewart, Y.Z., JHEP 09 (2020).
TMDPDFs with different spin structures.



The TMD soft function from lattice QCD
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Quasi-TMD distribution amplitude

Ji, Liu and Liu, Nucl.Phys.B 955 (2020), 1911.03840;
X. Ji, Y.-S. Liu, Y. Liu, J.-H. Zhang and YZ, 2004.03543.

First exploratory calculation on the lattice:
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Q.-A. Zhang, et al. (LP Collaboration), 2005.14572.

S 10%for0.2 fm < by < 1 fm.



Full TMDPDFs from lattice QCD

« Combination of the lattice calculations of the quasi-
TMDPDF, Collins-Soper kernel and the soft function.

« Target error:
e <20%for(0.2 fm < b, < 1 fm.

« Complementing global analysis:
« Differentiate models for TMDPDFs;
« Comparison to results from global fits;

« Predictions for certain TMDPDFs of which there is very little data.



