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Effective Field Theory and/for 
TMD´s 
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Physical observables with non-vanishing (or un-integrated) transverse-momentum 

dependence are specially important at  colliders, JLAB, RHIC, LHC, Tevatron, 

Compass, Hermes, Belle,… 

 

•  Higgs searches 

•  Interpretation of signals  of New Physics 

•  Precision Physics 

•  Spin structure of the proton .. 

An exemplum out  of these processes is  the semi-inclusive Drell-Yan (DY) cross-

section. 

We re-examine semi-inclusive DY in the region  

 

The essential problem is to write a factorization theorem for semi-inclusive processes, 

to define the correct non perturbative matrix elements, to resum logs. 

 

  This is a battle field for effective field theories!! 

 

 

  

Introduction 
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• SCET (Introduction) 

• Gauge invariance 

• Factorization theorem (on the light cone!) 

• Rapidity  and IR regulators 

• Definition of the TMDPDF 

• From TMDPDF to PDF 

• Universality 

• Resummation and exponentiation  of logs 

• Conclusions 

Issues treated in  the talks 
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• SCET (soft  collinear effective theory) is an effective theory of 

QCD 

• SCET describes interactions between  low energy, 

     “soft” partonic  fields and collinear fields (very energetic in 

one light-cone direction) 

• SCET and QCD have the same infrared structure: matching 

is possible 

• SCET helps in the proof of factorization theorems, 

identification of relevant scales and the resummation of logs. 

 
 

The effective field theory: SCET 
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SCET: Kinematics 
Light-cone coordinates 

Bauer, Fleming, Pirjol, Stewart, ‘00 
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SCET -I and –II, Pictorically 

Theory Modes Virtuality 

SCET-I Collinear, ultra-soft 

SCET-II Collinear, soft 

SCET-qT Collinear, soft       qT 

2

QCD

QCD



From QCD to SCET 
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The properties of  QCD in the collinear limit can be understood 

directly from Feynman diagrams. In  this way one obtains  

The collinear and IR divergencies of  the theory.  

SCET is just QCD in a kinematical limit! 

The  Wilson line! 
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SCET Lagrangian 
Leading order Lagrangian  (n-collinear) 

Bauer, Fleming, Pirjol, Stewart, ‘00 
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The new fields do not 

 interact anymore with 

 u-soft fields 

The Wilson lines arise from the Lagrangian and are not ad hoc objects! 

All fields are Taylor expanded  according to the power counting: Multipole expansion 
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Transverse Gauge Link in QCD 

)0,( 


),(  b


),( 

 b




)0,0(


• For gauges not vanishing at infinity [Singular Gauges] like 
  the Light-Cone gauge (LC) one needs to introduce an additional  
  Gauge Link which connects                  with                        to make it  
  Gauge Invariant 
• In LC Gauge This Gauge Link Is Built From The Transverse Component 
 Of The Gluon Field:  
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Gauge Invariant TMDPDF In SCET? 

Are TMDPDF fundamental matrix elements in SCET? 
 
Are  SCET matrix elements gauge invariant? 
 
Where are transverse  gauge link in SCET? 
 
 

† LC gauge
W  

The SCET Lagrangian is formed by gauge invariant building 
 blocks. Gauge Transformations in covariant gauge for  
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Gauge invariance of  SCET  building blocks 

We calculate                    at  one-loop in Feynman Gauge  and In LC 
gauge  

In LC Gauge 
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[Bassetto, Lazzizzera, Soldati]  
Canonical quantization  
imposes ML prescription 



 The SCET matrix element                   is not gauge invariant. 
Using LC gauge we have  different result (moreover  even 
the result of the one-loop correction depends on the used 
prescription). 
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Gauge invariance in SCET 
†0 | |n nW q 

In order to restore  gauge invariance we have 
to introduce  a new Wilson line, T, in SCET matrix 

elements 
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How do T´s arise in SCET?   
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This ensures that T´s arise Naturally in SCET! 
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The gauge ghost acts only on some  momentum components and couples with  
collinear 
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Drell-Yan at low qT 
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Main steps for  the factorization: 

In PDF mixed UV-IR divergences 

 cancel between virtual and real  

diagrams! This is not the case for  

TMD: there  is no integration   

over pT 



Drell-Yan 
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 of  the story… 
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• DR:                   per-se has problem with rapidity div. In 
real gluon exchange diagrams (it is good for the 
virtuals!!) 

• Wilson lines off-the-light-cone (Collins):  
Works fine but it is impossible to recover 
the light cone limit, LCG?(Unphysical scales can be 

removed with our definition of TMD if it is used 
consitently in collinear and soft sectors) 

• ∆-regulator (Chiu, Fuhrer, Hoang, Kelley,Manohar, see also Cherednikov, 

Stefanis): 

Works like a mass term, 
 respects symmetries, fine in LCG 

Regulators and rapidity divergences 

21 

4 2
2

4 2( )2

kd 











2( )

i

i k

i

p k i

p





  







  






2

2

,0

,1,

(1, )

( )0

n

n

y

y

n e

n

n

n e







 

  



• Analytic regulator (Becher Neubert): breaks SCET  collinear/anticollinear 
symmetry, not usable for TMD´s, 

       it does not work in LCG (with ML!!) 
 
 

 
• Rapidity regulator (Chiu,Jain, Neill, Rothstein): 

 

 LCG? Transforms IR/rapidity divergences 
into UV divergences. Unphysical scales can be  
Removed with our definition of the TMD. 
 
We have proved the correctness of our TMD with all regulators 

which respect collinear/anticollinear symmetry . 
We agree on the final result for the total cross section in  DY with the 

ones that do break this symmetry. 
Our definition of TMD is regulator independent! (No Rap. Div.) 
 

Regulators and rapidity divergences 
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• We have provided a factorization theorem for DY 

using an effective field theory of  QCD!!  

• Our definition can be used also in Light Cone 

Gauge with the T-Wilson lines 

• We have  a consistent definition of the TMDPDF 

on-the-light-cone: no unphysical parameters 

 

• All the rest (and the best) in Ahmad´s talk! 

 

Conclusions 
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Back up slides 



Are T´s compatible with SCET power counting?In SCET-I only collinear and u-soft fields.  
The first step to obtain the SCET Lagrangian is integrating out energetic part of spinors 

And then applying multipole expansion, 

Where  
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U-soft field does not  give rise to any transverse gauge link!! 
There are no transverse u-soft fields and they cannot depend  
        on transverse   coordinates!! 
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Definition of the TMDPDF 

26 

Using the fact that all mixed  divergences are the same in the collinear  

and anticollinear sectors and are canceled by the soft function 

2 2 2 2 2 (2)| ( , ) | ( ) ( ; ) ( ; ); ;q n n n n n n n n

q

M H Q e d k d k q k k j x k j z k            

12
( )
2

3

ˆ (0 , , )1
( ; )

2 (2 ) (0 ,0 , )
;

ni r xP r k
n

n n

f r rdr d r
j x k e

r


 

 
 

 
 




 



 

And we have used the equivalence 
of zero-bin and soft function for the  
IR regulator that we used 

We agree with Collins´11 in the square root, but we stay on the light cone and  

No rapidity cutoffs! 



Re-factorization 
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Re-factorization (Q^2 factor) 
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Factorization theorem (final) 
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The PDF are the only hadronic matrix element  for intermediate QT 

The Q-factor is resummed in 2 places H  and J 

The matching coefficients are extracted for each individual PDF! 


