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• There are eight TMD 
distributions in leading twist 

• TMD distributions provide a 
more detailed picture of the 
many body parton structure of 
the hadron 

• Interplay with the transverse 
momentum
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TMD evolution

0 1 2 3 4 5
-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0 10 20 30 40
0

5

10

15

20

25

Nonperturbative contributions to TMDPDF evolution (Collins-Soper 
kernel / rapidity anomalous dimensions) limits QCD theory predictions 
to much lower precision 

TMDPDFs needed to compute transverse-
momentum-dependent cross-sections

Motivation

Precision TMD measurements

Drell-Yan process:

Measured to . 1% accuracy
I Crucial input for PDF determination

Standard candle of Standard Model:
I Important test of QCD

Can we disentangle possible BSM physics
from PDF fitting?

I Can easily absorb small BSM
signals into PDFs ...

W -mass measurement:
Dominant uncertainty from PDFs:

I Particularly important:
correlations between quark flavors

Direct calculation of PDFs could alleviate such uncertainties
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Sub-percent precision achieved in 
measurements of e.g. Drell-Yan differential 
cross-sections at LHC
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TMD evolution from LQCD

Ebert, Stewart, Zhao, PRD 99 (2019)

TMDPDFs inaccessible to LQCD with LaMET  

— soft factor includes two light-light directions

Ratios of TMDPDFs free from soft factors, can be calculated with LQCD

Towards quasi-TMDPDFs from Lattice QCD

Constructing the quasi soft function

Soft function: (light-cone correlator)
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Quasi soft function: (equal-time correlator)
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Wilson line path:
I Finite lattice size requires to truncate at length L
I Bare operators not related by Lorentz boost (more on this later)
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TMDPDF rapidity anomalous dimensions (Collins-Soper kernel) calculable 
from ratios of quasi-TMDPDFs

Ebert, Stewart, Zhao, arXiv:1901.03685 

Yoon et al, PRD 96 (2017)Musch et al, PRD 85 (2012) Engelhardt et al, PRD 93 (2016)

LQCD-friendly quasi- 
beam function �
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LQCD Setup

LQCD plan:

bz
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Exploit hadron state independence, use heavy pseudoscalar meson        
starting with quenched ensembles for exploratory study
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Independent of hadron state, choice of momenta, 
choice of longitudinal Fourier transform scale      
up to power corrections           ,                ,

x
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Vary momentum to explore size of power corrections

Quasi-beam function calculable from staple-
shaped Wilson line matrix elements

Use three lattice spacings                                            to study continuum limita = 0.04, 0.06, 0.08 fm
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Constantinou, Panagopoulos, Spanoudes, PRD 99 (2019)

Nontrivial O(a) operator mixing pattern predicted by lattice perturbation theory

— Investigate mixing pattern with NPR studies 
Constantinou, Panagopoulos, PRD 96 (2017)
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Straight-Line Operator NPR
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Operator mixings predicted by lattice 
perturbation theory present, but 
other mixings also present 

Mixings grow to O(10%) for Wilson 
lines of length ~1 fm
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Staple-Shaped Operator NPR
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Staple-Shaped Operator NPR
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After 1-loop RI-MOM to MS 
matching and fits to remove 
lattice artifacts


