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What is a TMD? 

•  A hadron correlator is parametrized in terms of 
transverse momentum dependent (TMD) parton 
distribution functions (PDFs), also called TMDs. 

 
•  A TMD is a density function in the longitudinal 

momentum fraction x and the transverse momentum 
kT , encoding the 3D internal structure of hadrons. 
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Vector and tensor polarized targets 

Density matrix for spin-1 targets: 
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Parametrizing TMD distribution correlators 
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[Tangerman, Mulders 1994; Boer, Mulders 1997;    
 Bacchetta, Mulders 2000; Mulders, Rodrigues 2001] 



The gluon-gluon TMD correlator 
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•  Parametrization in terms of 
Lorentz structures 

•  Respecting hermiticity and 
invariance under parity 

•  T-odd functions are allowed 



The gluon-gluon TMD correlator 
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Table 1: A comparison of names for leading twist TMDs in this paper with BM (for quarks) and with
MMG and MR (for gluons).
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Table 2: An overview of the leading twist quark and gluon TMDs for unpolarized, vector polarized, and
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•  Parametrization in terms of 
Lorentz structures 

•  Respecting hermiticity and 
invariance under parity 

•  T-odd functions are allowed 
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Gluon vs. quark PDFs Protons in 1D

22

NNLO pQCD
flavor separation

Neural network tech. 
(“unbiased”)

LHAPDF library
...

Recommended for
LHC Run2

NNPDF collaboration[NNPDF Collaboration, 2012]  

•  Gluons dominate over quarks at small x 
•  What happens to the gluon TMDs as x → 0 ? 



The gluon-gluon correlator at x=0 
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Figure 3.1: The gauge links (a) [+] and (b) [−] running from 0 to ξ with ξ · n = 0. The light-like separation
ξ− = ξ · P and the transverse separation ξT are nonzero.
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3.1.2 Gluons

In the description of gluon correlators, color octet gluon field strength tensors are used. Due to
this more complicated color configuration, a richer phenomenology exists for the gauge links for gluon
correlators compared to quark correlators, since the Wilson lines need to account for the transformation
of color octet gluon field strength tensors rather than color triplet quark fields. For the sake of clarity
and allowing for a more systematic approach later on, we will divide the relevant gauge links in different
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Correlators of the first type

The first type of operator structures contains one color trace and therefore has the simplest gauge
link structure that is possible for gluon correlators. This color trace contains both the gluon field
operators F (0) and F (ξ) with gauge links running between these two fields and appears when the
color in a diagram contributing to the full amplitude flows in just a single color loop. Examples of
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(a “dipole-type” operator) 
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How to match f,g,h-type with e-type TMDs? 
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Transversely polarized gluon TMDs at x=0 
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Gluon TMDs at x=0 

In the small-x limit we see that 

•  ... the gluon TMDs either vanish or become equal. 
•  … the (non-vanishing) gluon TMDs are proportional to 1/x (up to resummed logs). 

Polarization Relations between gluon TMDs in the small-x limit
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Table 3. An overview of relations between the leading twist gluon TMDs for the various types
of target polarization in the limit x ! 0. The functions of type f , g, or h depend on x and k

2
T ,

whereas the e-type functions depend on k

2
T only.

where we have introduced the notation āµ ⌘ �µ⌫a
⌫

and b̄µ⌫ ⌘ �µ⇢�⌫�b
⇢�

. Concerning the

gauge links, these constraints are based on the properties U †
[0,⇠]

= U
[⇠,0]

, UP

[0,⇠]

= U
[

¯

0,

¯

⇠]

, and

UT

[0,⇠]

= U
[�¯

0,�¯

⇠]

. By omitting the gauge links from the gluon-gluon correlator, the depen-

dence on n is no longer present. Furthermore, the gluon-gluon correlator is antisymmetric

in both the pair of indices µ, ⌫ and ⇢,�.

For the Wilson loop correlator the constraints read:

Hermiticity: �[U,U

0
]⇤

0

(k;P, S, T, n) = �[U,U

0
]

0

(k;P, S, T, n), (A.4)

Parity: �[U,U

0
]

0

(k;P, S, T, n) = �[U,U

0
]

0

(k̄; P̄ ,�S̄, T̄ , n̄), (A.5)

Time reversal: �[U,U

0
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0

(k;P, S, T, n) = �[U

T
,U

0T
]

0

(k̄; P̄ , S̄, T̄ , n̄), (A.6)

By simply omitting the spin vector and/or tensor from the expressions above, we obtain

the constraints that apply to unpolarized (omitting S and T ), vector polarized (omitting

T ), and tensor polarized (omitting S) targets. [Comment: We need to add the behavior of

the correlators under charge conjugation (C).]

B Symmetric traceless tensors

In this appendix we list the completely symmetric traceless tensors ki1...inT that are built

from the partonic momentum kT . Up to rank n = 4, these are given by

kijT ⌘ kiTk
j

T � 1

2
k2Tg

ij

T , (B.1)

– 17 –
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Summary 

•  New gluon TMDs for tensor polarized targets have been introduced. 
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Summary 

•  New gluon TMDs for tensor polarized targets have been introduced. 

✓	
✓	✓	

✓	

✓	✓	

quark gluon 

unpolarized 

vector polarized 

tensor polarized 

•  The gluon-gluon correlator at x=0 reduces to the F.T. of a Wilson loop. 

•  Also the Wilson loop correlator can be parametrized in terms of TMDs. 

•  In the small-x limit the picture of gluon TMDs becomes very simple: they 
either vanish or become equal. 

NEW 
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The quark-quark TMD correlator 
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Table 1: A comparison of names for leading twist TMDs in this paper with BM (for quarks) and with
MMG and MR (for gluons).
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Table 2: An overview of the leading twist quark and gluon TMDs for unpolarized, vector polarized, and
tensor polarized targets. The functions indicated in boldface also occur as collinear PDFs, and the ones
in red are T -odd. The Dirac structures �+, �+�5, and i�i+�5 = 1

2

[�+, �i]�5 correspond to unpolarized,
longitudinally polarized, and transversely polarized quarks respectively, whereas the Lorentz structures
�gijT , i✏ijT , and kiT , k

ij

T , etc. correspond to unpolarized, circularly polarized and linearly polarized gluons
respectively.
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 Bacchetta, Mulders 2000] 
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