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Gluon saturation at small x
More detailed introduction and connection to Heavy Ion initial state: Oscar Garcia-Montero (Mon 16:00)

Very high occupation number xg(x;Q2)

Apparent gluon size 1=Q2

Non-linear dynamics important when

�R2
p = �sxg(x;Q2)

1

Q2

Emergent saturation scale Q2 = Q2
s � �2

QCD

Characterizes the target wave function, weak coupling applicable

Gluon Saturation

4

Rapid growth of gluon distributions at small  x

Non-linear effects in QCD at 
sufficiently small  (e.g. gluon 
recombination) tame the growth

x Gluon saturation

Characterized by a scale  
(saturation scale)

Q2
s

Violate unitarity
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Q2
s ⇠ (A/x)1/3

Color Glass Condensate

Effective theory of QCD in the high energy limit

�sxg � 1: need to resum multiple scattering effects, convenient to do in CGC framework

Unitarity built in, relevant d.o.f. is dipole-target amplitude N � 1
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Complementary probes of gluon saturation

BNL graphics ChatGPT

DIS: Clean dilute-dense environment, precision, limited
p
s, nuclei in UPCs (at Q2 = 0)

p+A: Dilute but complex probe, high
p
s, nuclei

Heavy Ion Collisions: Complex dense-dense, complementary observables, high
p
s

Why nuclei (Oomph)

Q2
s � x�1=3TA(b?) � x�1=3A1=3

In practice more like 0:3 : : : 0:5x−1/3A1/3

) Going from p! Pb � increasing
p
s � 1=x by a factor � 200 (but cheaper)
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