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2. Potential Signals of Saturation
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At HERA, the proton structure functions increase strongly at small x

* Reflects a power-law growth of gluon and sea quark densities
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* Perturbation theory in pQCD relies
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* Perturbation theory in pQCD relies

on a hierarchy of contributions (asAY) ~ (s AY)2 ~ e
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* At high energies (small x), the large logarithmic phase , L
space enhances the probability of soft gluon radiation Es
p P y of soft g agln = ~ O (1)



* Recast the systematic enhancement as a

differential equation
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» Power-law growth of the gluon density at small x
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* At high enough densities, gluon recombination competes with bremsstrahlung
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e Saturation of the gluon den51ty A. H. Mueller and J. W. Qiu, Nucl. Phys. B268 (1986) 427
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t ! Equilibrium point: Q2

* The saturation momentum scale Q2 (Y) ~ g P (Y)

grows with the density S




e (Gluons have nonlinear
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» Simplify to classical equations!




Parton transverse momentum
distributions are dynamically
screened below Q,

[f the density is large enough that Q,
becomes a (semi)hard scale, the
dynamics become perturbative




* With high energies and heavy nuclei, a
future Electron-Ion Collider may peek

into this regime.
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1. Whatis Saturation?
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* Proportional to gluon density
at amplitude level (GPD)
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Au+Au — J/y + Au+Au + XnXn, |'s,,, = 200 GeV
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* Multiple scattering redistributes gluons to higher momenta: Cronin enhancement

» Nonlinear evolution destroys the peak at forward rapidities
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 For dihadron production in pp, there J. Albacete., Nucl. Phys. A910 (2013)
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 CGC Particle Production:
» Controlled by dipole scattering cross sections

* The same amplitudes enter jet quenching
» Stimulated radiation from multiple scattering
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 Two-particle correlations produced in small systems collisions

» Correlations arise from scattering in anisotropic color domains
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* Evolution equations at NLO introduce double logarithms

> NLL' Resummation



Small-x evolution of quark / gluon polarization
» Also double logarithmic

» Leads to enhancement of total spin contributions
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* One approach: Light-Front Wave Functions
» Convergent at small x
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Another approach: Infrared Evolution Equations '
» Power-law growth at small x

» Total spin terms are apparently divergent
» Regulated by nonlinear saturation corrections?
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* Power-law growth of the structure functions

would violate unitarity if it continued H1 and ZEUS
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» “Saturation is a non-negotiable property of QCD”
— N. Armesto
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 The same non-Abelian nature which gives ’ i N
asymptotic freedom also gives saturation b
» Fundamental test of quantum field theory




