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semi-inclusive deep inelastic scattering: JLAB, EIC, ...
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Drell-Yan processes: RHIC, LHC, ...
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evolution of TMD functions across collision energies

Collins-Soper kernel
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nonperturbative Collins-Soper kernel
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our objective
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lattice QCD nonperturbative CS kernel



TMD distributions from lattice QCD
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@ large i; check for p-independence: ¢(b,.b,,n, P,) — ¢(b..b,,P,)

® renormalize: ¢(b,,b,,P,) — ¢(b,b,, P, u)

® Fourier transform to momentum (X) space: ¢(b..b,, P, u) — §(x, b, P.. 1)

@ Perturbative matching: Collins Soper kernel

or(z, b1, P., 1) - 1 ( (2zP,)? (2§:PZ)2> E—
= H(z,z, P,, 2,0 ,C,w)exp |- | In - 1n b,
Vo I L e PR = ) 75w, )|
o perturpative lightcone
SO Adop 1 Adcp 1
function <emel D +e ((sz)z’ (bo(zP))?" (ZF;)* (bJ_(EPZ)V)

¥x=1—-x distribution
oOwWer corrections S



CS kernel from lattice QCD

@ ratios of quasi- 1 MD beam functions for 2 different boost momenta, P, & P,

Collins Soper kernel perturbative kernel
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independent of x, Py, P, + power corrections

soft function cancels

P, & P, both must be large to suppress power corrections,
such that CS kernel is indep. of those 9



lattice QCD calculations of CS kernel
® simplest choice for the quasi-TMD beam function ¢(b., b, 3, P,)
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the challenge

rapidly growing errors with increasing b
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understanding the challenge

multiplicative renormalization factor of the Wilson line:
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overcoming the challenge

physical lightcone gauge A™ = 0
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® how can we access A™ = 0 in lattice QCD calculations ?

find a gauge that becomes equivalent to A™ = 0 in the limit P, — oo

Coulomb gauge P, — oo ightcone gauge
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Jietal., Phys. Rev. Lett. 111, 112002 (2013)
Hatta et al., Phys. Rev. D 89, no.8, 085030 (2014)
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quasi-TMD beam function in Coulomb gauge (CG)




CG quasi-TMD beam function
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+ re-computation of pQCD matching function syMS(x, u, P;, P,)

next-to-leading-log (NLL) accuracy
Zhao: 2311.01391 16



renormalized quasi-TMD beam functions
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quasi-TMD beam functions in momentum space
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x and P independence of CS kernel
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Summary: nonperturbative CS kernel from lattice QCD
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