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High energy physics and hadron physics

= We are looking into both the partonic dynamics at the short
distance, as well as the nucleon structure at long distance
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How many distributions are needed

= |n order to fully characterize the proton structure, how many
parton distribution functions are actually needed
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Good textbooks

= Understand C, P, T discrete symmetry properties of the
correlation function

= Most textbooks on quantum field theory will give discussion (somewhat
limited) on this topic, such as Peskin, Sterman

= |f you want extensive discussion, see this book




One example: Sivers function

= Sivers function: an asymmetric parton distribution in a
transversely polarized nucleon (kt correlated with the spin of the
nucleon)
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Spin-independent Spin-dependent

= Nailve time-reversal-odd, and its existence requires a phase
(generate through interactions)




The history of Sivers function

= 1990: Sivers function

= introduce kt dependence of PDFs, generate the SSA through a correlation
between the hadron spin and the parton kt

1993: Collins

= show Sivers function vanishes due to time-reversal invariance

2002: Brodsky, Hwang, Schmidt
= explicit model calculation show the existence of the Sivers function

= the existence of Sivers function relies on the initial- and final-state interactions
between the active parton and the remnant of the polarized hadron

= 2002: Ji, Yuan, Belitsky

= the initial- and final-state interaction presented by Brodsky, et.al. is equivalent
to the color gauge links in the definition of the TMD distribution functions

= since the details of the initial- and final-state interaction depend on the specific
scattering process, the gauge link thus the Sivers function could be process-
dependent
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