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Outline:

Joint TMD and small x evolution 

Spin dependent TMDs at small x

1: unpolarized target

2: transversely polarized target

 Summary



QCD evolution(resummation)

Desinged for summing large logarithms: 

 DGLAP:

 Collins-Soper:

 BFKL(MQ, BK,JIMWLK):

 Threshold resummation:

 The infrared evolution equation

 …

To improve the convergence of perturbation series.



Gluon initiated Drell-Yan process

 M2 >>pT
2, TMD factorization,            resummed by Collins-Soper equation

 S>>M2, Kt  factorization,           resummed by BFKL equation   
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An explicit NLO cross section calculation shows that both the large logarithm appear.

2013, Mueller, Xiao, Yuan

Such joint resummation has been also disscussed in other literatures.
2015,  Balitsky and Tarasov;   2015 Marzani



Our starting point

Gloun---->gloun splitting kernel;

When z(or x) --->0, large logarithm        summed by BFKL

When z--->1, light cone divergence, introduce ζ to regularize 

large logarithm           summed by CS
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small x gluon TMD at LO

In a simple quark model, at tree level:

 both large logarithms are absent at LO;
how is it dressed by quantum corrections at NLO?



Real graphs

Sample diagrams:

 Fig.a is the only diagram contributing to 
both the CS and the BFKL  evolution  kernel

 Calculation formulated in the Ji-Ma-Yuan scheme.



Virtual graphs

Fig.a & Fig.b                   BFKL kernel 
Fig.c                                    CS kernel



In the leading logarithm approximations,

Small x gluon TMD at NLO reads,

2016, ZJ
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The resulting gluon TMD indeed simultaneously satisfies the both 

BFKL equation:

CS equation:



More formal treatment

Computing small x gluon TMDs in CGC with Collins 2011 scheme



Small x TMDs in CGC at NLO

Xiao, Yuan and ZJ, 2017.

Sample diagrams

The basic nonperturbative ingredient:

Multiple gluon rescattering is treated in an equal way.



Collinear approach VS CGC I

 TMDs in collinear approach
collinear divergence           DGLAP

 TMDs in CGC, 
rapidity divergence             BK or JIMWLK

Match small x TMDs onto two point functions instead of PDFs.

Collins-Soper light cone divergence appears in both 
collinear approach and CGC calculation



Collinear approach VS CGC II

Colliner 
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Spin dependent TMDs at small x

1: Inside an unpolarized target



Linearly polarized gluon TMD

Mulders, Rodrigues, 2001

Kovchegov, 96
J. Marian, Kovner,  Mclerran & Weigert, 97 

Unpolarized gluon TMD 
computed in the MV model



Gluon TMDs in the MV model

The linearly polarized gluon TMDs in the MV model,

Metz & ZJ, 2011

Weizsäcker-Williams(WW) distribution:

Dipole distribution:

positivity bound saturated for any value of kt





TMD evolution effect

D. Boer, P. Mulders, JZ, Y. J. Zhou, 2017



2: Inside a transversely  polarized target



Three T-odd gluon TMDs

Identify 6 leading power gluon TMDs for a transversely polarized target 

(8 in total).  Among them, 3 gluon TMDs are T-odd distributions.

Are the T-odd gluon TMDs relevant at small x?

Mulders, Rodrigues, 2001



T-odd gluon TMDs & the odderon

Schematically,

Nothing but an odderon operator in CGC

Kovchegov, Szymanowski & Wallon 2004
Hatta, Iancu, Itakura & McLerran 2005

Using time reversal invariance and parity symmetry, at small x one obtains,

Starting point,



Spin dependent odderon

ZJ 2013

In the momentum space:



All of three dipole type T-odd gluon TMDs become identical at small x!

Two different paramertrizations 

Equaling two parmetrizations:

Simple algebra leads to

Boer, Echevarria, Mulders,  ZJ; 2016



Summary 

 A joint resummation can be achieved

 Very rich polarization dependent phenomenology 

At small x:

It would be interesting to test these theoretical ideas 
at RHIC and the future EIC

Thank you for your attention.


