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TMD factorization in Drell-Yan scattering

o Aqep S 141 < Q = v/ q?

o Rapidity divergences in TMDPDFs
need to be regulated

o Collins-Soper scale, (; p, dependence

do
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TMDPDF, soft factor, and CS kernel
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Evolution kernel:
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Collins-Soper (CS) kernel:
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Regulating the soft function

<A t n Regulgte rapidity _divergence with
. L spacelike Wilson lines:
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Soft function defined on the lightcone: L o
P =n=0
n=(1,0,0,1),
n=(1,0,0,-1)
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Relevance to lattice extraction of TMDPDFs

In the LaMET framework:

V SI (bJ_a,u) fr(X7 bJ.v PZ;“)
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[Ebert, et. al., 2019], [Ji, Liu, Liu, 2019], [Ebert, et. al, 2022]
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Yq (b, N)]

o Intrinsic soft function: S, » TMDPDF: f

[i, Liu, Liv, 2020] o Perturbative hard kernel: Hy

e quasi-TMD beam function: fr s CS kernel: 74
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Soft function and CS kernel from lattice computation

Motivated by a proposal by Liu in [Ji, Liu, Liu, 2019] J

Euclidean space directional vectors with purely imaginary time components

fig = (ing\,0,0, ni) , A= (in%7070’ n%)
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Auxiliary field definition of the Wilson line

Write Wilson line in terms of one dimensional ‘fermions’ that live along the path:

P exp {—ig /s N dsn”A,(y(s)) }

- - Sf - -
=z, /Dw)w i) exp {ig/ dsidst) — n - Ay }
I [Gervais, Nevau 1980], [Aref'eva 1980]

Auxiliary field propagator:

in- DHy(y) = 8(y) "8 _if. DeHa(y) = 6(y), /= (ino, )

Meaningful solution only obtained with a UV cutoff [Aglietti, et. al. 1992], [Aglietti, 1994]

Perturbative computation of soft factor with auxiliary field propagators requires
further investigation [Liu, 2022]
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Single ratio, time dependence
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Treatment of divergences

R o (b byira)
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Interpolated double ratio, b, dependence

x10~*
X ganev kv FEFFETT
=¥
s,
§ N R e (b, b r) = Rsl?ﬁgle(bbbl?r?a)
TE . double (BLs D5t R . (b, by i1 a)
£2
g 4 40°x 80, @ =0.048
— :
- ¢ 488 x 96, a = 0.041
@ \ B
* ¥ 64°%128,a=0.03
- 0.2 0.4 0.6 08

bimatch = 0.384 fm, r, = 1.002, r, = 1.001 b, [fm]

July 28, 2026

orris (NYCU) LATTICE 2026



Matching procedure for double ratio

Llog (Raouble (b1 1, b1 2, 11, 11, 12))
b = b 2
Yq (b1,1, 1) = g (b1 2, 1) + |og(’1+1/f2+1)

rn—1

r1—

o Implies that we need at least one perturbative value of 4.

o Another perturbative value of 74 is needed, because ry 5 is renormalized due to
O(4) symmetry breaking. [Aglietti, et. al. 1992], [Aglietti, 1994]
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Model for the double ratio

o Model the double ratio as a piecewise function:
1 .
log Ribuble (bJ_7 Bmehi r,r') =

mch 32 a2
AYrer (bJ_au) y beut < by < by e
I ({ {dé} , be=b1 > by Gl b2 2 ’

mch

o Combined fit on three ensembles
o Model imposes a constraint on the large-b, region

beut = 0.144 fm, by, = 0.24 fm, by, = 0.384 fm > by,

di = 7q (be 18) = Vg (bmen, 1), g (b, 1) = 75" + dy

o Model does not adequately estimate the lattice spacing dependence
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Bare vs renormalized rapidity factor

—0.1156{" g 0.0
= o =100,/ =1002 | _ |
~0.115 =
?5 ST L r=100Lr = 1004 | F o1
| |
o —0.1138) ® = =1.003,7" =1.004 ™ i
I on I o
=015 & 3
5 5
~ —0.1160 ‘Z! ‘0000000000000000000 %70_3
W CAANAALALAAAAAAAAAALAAAL &
~0.1161 T T e ppp——
02 04 0.6 08 02 04 06 08
b, [fm] b, [fm]

The CS kernel determined on the a = 0.03 fm ensemble with three sets of bare rapidities.

o Left plot uses bare rapidity: o Right plot from model fit with

renormalized rapidity

/
2(y —y') = log <r + 1/ * 1) o Included statistical, truncation
1/ r—1 and discretization error.
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o Our result is pure gauge. Comparison plots have ns = 3, 4.
o Inner error bars include statistical, truncation and discretization errors.
o Outer error bars include UV scale variation uncertainty, /2.
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Conclusion and outlook

o Euclidean space soft function with complex directional vectors maps directly to
Minkowski space result

o Lattice data at high statistical precision, low computational cost
o Double ratio method gives: vq (b, 1) — 74 (b, 1)
o Error primarily from UV scale uncertainty
o Our results are competitive with existing results
Open questions and future direction:
o Ongoing exploration of perturbative results for auxiliary field computation

o Improve systematic uncertainties by simulating at finer lattices or with an
alternative scheme for the rapidity renormalization
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Thank you!
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