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From TMDs to Collins-Soper kernel

* CS kernel encodes the rapidity scaling properties of transverse momentum dependent
parton distribution functions (TMDPDFs) / wave functions (TMDWFs):
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« Universal in Drell-Yan process and semi-inclusive deep inelastic scattering (SIDIS)
Drell-Yan SIDIS

e TMD wave functions on the lattice:
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e Factorization based on LaMET:
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From form factor to soft function

« TMD soft function is a cross section of a quark-antiquark pair (or gluon) traveling in
the opposite light-cone directions which radiate soft gluons in DY:

S(bi,p, Y +Y") = eMYIKCL GG )
1
e Factorization from LaMET: F(b.,P?) = SI(bJ_)/ dx do'H(z,2', P*)®'(2', by, —P?) ®(z, b, P?)
0

e Pseudo-scalar meson form factor:
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* Atleading-order: H(xz,z',P*)=1/(2N.) ﬁfi
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F(by, P?) = S1(by)|¢(z = 0,b1, P*)[*/(2N,) yﬁn(—P)

e Extract soft function from form factor F
and wave function phi:

e Light cone TMDWF from CS kernel and soft function
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Lattice setup

 We use newly generated 2+1 flavor clover fermion CLS ensemble X650

B L3 xT a m;e® my #conf
3.34 | 483 x 48 | 0.098 fm | 333 MeV | 662 MeV | 1000

 HYP smearing + Wall source

e 2 sources per configuration

e Transverse direction: x andy

« Momenta: Pz={0, 6,8,10,12} x 2pi/L
(i.,e.0,1.6, 2.1, 2.6, 3.2 GeV)

e O<=l/ak=10, O<=b/a<=7, O<=t/a<=8




A glance at the wave functions on the lattice

« Wave function from 2pt correlation function: ¢i(z,b.,P?,1) = (0|d(Z/2 + bTW(b, 1)1b(—Z/2)|n(P))
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CS-kernel

e Joint fit of all I&b (sharing energies) for each Pz



Renormalization of the TMDWEFs

O(z,b,,L,a, P?) o e 0mM2LA0L) o =VIOL)L 7

* The linear divergence and heavy quark potential is removed by Wilson loop
e Residual logarithmic divergence is cancelled when taking ratio
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Collins-Soper kernel
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 Good agreement with previous lattice calculations
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Form factor from 3pt

e Form factor available from 2-state fit of 3pt function:
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Soft function from form factor

Intrinsic soft function from form factor and TMD wave function:

SI,M—S(b_L7 :u) —
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[Q.A. Zhang et al, PRL125, 192001]
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Suppress high-twist contamination

e Reduction of higher-twist contamination from Fierz rearrangement
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Soft function from separate channels
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Soft function after Fierz rearrangement
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Summary & outlook

New CLS ensemble X650 generated

* CS kernel and soft function measured on X650

 Good agreement with literature for CS kernel

e Confirmed the validity of Fierz rearrangement for soft function

e Determination of light cone pion TMDWF on the way
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Backup: k=6, Gamma=g1, b=0,2,4,6
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Backup: k=10, Gamma=g59g2, b=0,2,4,6
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Backup: renormalization
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LPC, arXiv:2205.13402
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