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Internal structure of a hadron

Longitudinal PDFs
M Experiment
| Theory [see, e.g. Ji, 1305.1539]

Transverse momentum-dependent PDFs

M Experiment [HERA, COMPASS, RHIC, Fermilab...]
O First principles
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M Large py _ / Ebert et al, 1811.00026
M Small p;, unpolarized Ebert et al., 1901.03685

) Ebert et al., 1910.08569
3 Small p;, spin dependent? Jietal., 1910.11415
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Roadmap for this talk
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TMD-PDFs
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Beam Soft

Lightlike Wilson lines - bad for lattice!
Solution: quasi-TMDs



Quasi-TMDs

— Lattice
MS renormalization
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A% : Needed to cancel L-dependent divergences
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Spin dependence

Quark polarization
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Choice of spin structure:
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gives certain
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Matching

Relationship between nonsinglet TMDs and quasi-TMDs:
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Take ratio of polarized  Fus/ns  Bus/ns CcE Fos/ng
to unpolarized TMD: f. B, . Cns f

Main point of this talk!
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Calculation: Tree-level
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Quasi-TMD:
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Same matching coefficient



Calculation: One-loop

Same matching coefficient



Calculation: One-loop

Sail topology K
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Non-trivial matching, but not dependent on spin



Generalization to higher order?

One-loop order:
 Vertex diagrams — no matching

o Sall - at leading order, Wilson
lines didn’t modify spin structure p

Vertex topology

Higher order:

 Vertex topology: Lorentz
invariant, don’t need matching

« Sail topology: nonlocal objects,
local corrections. Do not expect
spin structure to contribute.

P

Sail topology



(Dis)advantages of quasi approach

An alternate approach with Advantages of quasi-TMDs:

a different Wilson line path  Muschetal., 1011.1213 . . .
P Musch et al., 1111.4249 e S|mp|er Wilson line path

Engelhardt et al.,

b 1506.07826 —> simpler matrix elements

% F g . - N
S Yoon et al., 1601.05717 -
- _7 > oonetal 170603406 © NO rotations needed, only boost

" in z direction

* No need for infinite boost limit:
Wilson coefficients cancel out

Our quasi-TMD result
FV (%, by, p, P?)  FUO(z, by, u,¢)  Disadvantages of quasi-TMDs:

FO(z by, P7)  f0(x,br, () * Nontrivial Wilson coefficient
« Wilson coefficient does NOT
cancel when taking moments

over X




Conclusion

* We extended the one-loop
quasi-TMD calculation to T-
even twist-2 spin structures

 The matching isthe sameas 7, 4., p-
in the unpolarized case f1(@,br, 1, )
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 Arguments about why this b2 by 1, P¥)
will continue to be the case _ DGO B

for higher orders hi(z,br, 1, C)

» Quasi-TMDs are _ Mg (@, br, p, P7)
advantageous for hiz (@, br, 1, ¢)
constraining x-dependence

of spin-dependent TMDs
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Thanks!

Questions?




