
• 1D Mueller dipole model,

branching partons, without

recombination (saturation) [4]
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• 1D generalized dipole model [5]
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• Branching and clan structure explanations [1]

• Exponential or negative binomial (NBD) shape

• More general distr. can be tested with physics motivation [2]

• Shown to be derivable from MaxEnt [3]

• Parton-hadron duality: FS entropy ∼ IS entropy

• Conjecture: IS has maximal entropy due to entanglement

• Many data available from 𝑝𝑝 collisions (LHC, UA5)

• Some data from DIS (𝑒−𝑝, 𝜇𝑑, 𝜇𝑋𝑒, 𝜈𝑝, …)   ←  future work

• Methodological challenge in 𝑝𝑝 : 𝜂  or  |𝜂| not unified

• Different distributions, how to compare? New observable!
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• Can be obtained from data directly [7]

• Mask methodological ambiguity

• Comparison to data from 𝑠𝑁𝑁 = 0.2 − 13.6 TeV and wide 

range of rapidities favours the more general model

How can be used for saturation studies?

Multiplicity distributions

Dipole cascade models of the initial state

Data comparison – a new observable

• Generalized model with recombination (e.g. [8])

𝝏𝒚𝑷𝒏 𝒚 = −𝜶𝒏𝑷𝒏 𝒚 + 𝜶 𝒏 − 𝟏 𝑷𝒏−𝟏 𝒚 + 𝜷𝒏 𝒏 + 𝟏 𝑷𝒏+𝟏 𝒚 − 𝜷𝒏 𝒏 − 𝟏 𝑷𝒏 𝒚

• Deviates from the Mueller high energy limit

• No sign of saturation in 𝑝𝑝 at the available energies

Dipole cascade models with recombination

• New, entropy based observable sensitive to recombination

• Fit 𝑝𝑝 data from colliders, also compared to UHECR

• Entropy is a promising observable in future experiments

• Deep inelastic scattering and 𝑒+𝑒− annihilation on the way

• Ultra-high energy cosmic rays [9]

• 𝑝𝑝, 𝑝𝐻𝑒 and 𝑝𝑁, fix target collisions

• Energies up to 𝑠𝑁𝑁 ≈ 200 TeV

• Modelling the initial multiplicity

• Reconstruction from Gumbel-𝑋0 distr.

• Rapidity is not reconstructable

• Handy observable: 𝑆 𝑙𝑛 𝑛
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