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HADRON AT DIFFERENT SCALES
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FACTORIZATION

From high-energy cross section we can reconstruct the
structure of the hadron
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OLLINEAR AND TMD FACTORIZATION
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coherent contributions from many nucleons
effectively amplify the gluon density being
probed.

The EIC was designated in the 2007 Nu-
clear Physics Long Range Plan as “embody-
ing the vision for reaching the next QCD
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ence programs in the U.S. established at both
the CEBAF accelerator at JLab and RHIC at
BNL in dramatic and fundamentally impor-
tant ways. The most intellectually pressing
questions that an EIC will address that relate
to our detailed and fundamental understand-

frontier” [1]. It would extend the QCD sci- ing of QCD in this frontier environment are:

m How are the sea quarks and gluons, and their spins, distributed in space
and momentum inside the nucleon? How are these quark and gluon distributions
correlated with overall nucleon properties, such as spin direction? What is the role of
the orbital motion of sea quarks and gluons in building the nucleon spin?
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® Where does the saturation of gluon densities set in? Is there a simple boundary
that separates this region from that of more dilute quark-gluon matter? If so, how
do the distributions of quarks and gluons change as one crosses the boundary? Does
this saturation produce matter of universal properties in the nucleon and all nuclei
viewed at nearly the speed of light?

®m How does the nuclear environment affect the distribution of quarks and
gluons and their interactions in nuclei? How does the transverse spatial distri-
bution of gluons compare to that in the nucleon? How does nuclear matter respond
to a fast moving color charge passing through it? Is this response different for light
and heavy quarks?
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Current polarized DIS data:
0 CERN ADESY ¢ JLab o0SLAC

Current polarized BNL-RHIC pp data:
® PHENIXTT° ASTAR 1-jet
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Understanding the glue

that binds us all
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DGLAP vs. BFKL/BK
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Total cross section (collinear distributions): ! A

W = 1 3 [ @t (PLiL()X) (X150 0)1 P
X
Particle production (TMD distributions):

o= 5 3 [ ol ()| + X)(® + X5, (0)

Scalar particle production:

Se = )\/d4z FL () (2)®(2)




R 00000 e
PARTICLE PRODUCTION

Particle production (TMD distributions):

o = 5 3 [ A ol )|+ X)(® + X5, (0)p

reduction formula

Oy = = d4wd4md4yezqw—zkx+zky
21

X = e > S R EET TP EEEETT RIS
Vo DRSS
| | L different time-ordering
functional integral
> XX
_ X

22 _ o A(ty)=A(ty) . _
Cpy = oo dwdtrdtyet ke Tiky / DADy Dy DAD) D

70

~ ~

X W2 (A(t), d(t:))e " 52emAD) ] (w) F2 () F2()j, (0)e 9 (AW, (A(ty), (1)



KINEMATIC VARIABLES

Light-like vectors:

Q2 M2
O

Sudakov momentum decomposition:
p! = apy + Bpy +pl)

Coordinate vector decomposition:

2 2
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RAPIDITY FACTORIZATION
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COLLINEAR/TMD FACTORIZATION
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Don’t specify kinematics

Region analysis in collinear/TMD
factorization:
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RAPIDITY FACTORIZATION
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Gluon propagator in
W external field
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Separate interaction
(factorization)




RAPIDITY FACTORIZATION
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WILSON LINES
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CROSS SECTION

Impact factor
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----------------------
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Past-point Wilson lines: \
shock-wave
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non-linear evolution BFKL/BK dynamics

equation
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\ Neglect any non-linear

contribution

Linear evolution equation
(we can solve it)
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Non-linear effects
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