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Does a jet feel the flow?

5

Evolving matter



Jets in evolving matter
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Color potential

AS, M. Sievert, I. Vitev, PRD, 2021 
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Jets in evolving matter

What did we have?

• Jets see the matter in HIC (and DIS) at multiple scales, and essentially X-ray it;

• Theory is based on multiple simplifying assumptions: static matter, no fluctuations, etc;

What do we have?

• The coupling of jets to the flow, structure (matter anisotropy), fluctuations, etc.

• An updated parton transport equation needed for most modern simulations of jets in 
QCD matter;

What is still missing?

• New jet observables sensitive to the medium evolution;

• Coupled simulations of matter and jets for quantitative phenomenology;
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Broadening (no flow, no anisotropy)
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Flow
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Anisotropy

AS, M. Sievert, I. Vitev, PRD, 2021 
J. Barata, AS, C. Salgado, PRD, 2022

J. Barata, AS, X.-N. Wang, PRD, 2023



𝐸~50 GeV and 𝜃 ~1𝑜 𝜔~10 GeV and 𝜃 ~15𝑜

• Opacity 𝜒 ≈ 4
• 𝑢 ≈ 0.7 (about 𝜋/4 to z-axis)
• 𝜇 = 𝑔𝑇 with 𝑔 ≈ 2 and 𝑇 ≈ 500 𝑀𝑒𝑉
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Jets in evolving matter
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Gluon emission
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Gluon emission
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Jets in evolving matter
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Jets in evolving matter



Estimates
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• The anisotropy leave traces in the shape 

observables

• At the toy model level, we see how azimuthally 

differential EEC is affected by the gradients

• The small-x BDMPS-Z formula is not strictly 

applicable, just an illustration

• The gradient effects can be clearly seen
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Mixed flow-gradient effects
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Jets in evolving matter



Summary

• Energetic partons do feel the transverse flow and anisotropy, and get bended and 
distorted;    

• The transverse flow and anisotropy affect the pattern of the medium-induced 
radiation, modifying the substructure of jets;

• Some of the effects appear in the eikonal limit, and are sizeable even when 
compared to the leading contributions;

• These jet modifications can be probed in experiment, leading us towards actual jet 
tomography;    

• One should also expect similar evolution-induced effects for the other probes of 
nuclear matter, and for the other forms of nuclear matter; 
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