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Out of equilibrium QCD dynamics [PHENIX collaboration, 2018]

Hydrodynamic expansion
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Global properties of jets in heavy ions
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Medium induced modifications

Heavy-ion exp.

200 GeV

70 GeV

Bjorken’s theoretical picture is indeed realized in experiment !
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Heavy-ion exp.

200 GeV

70 GeV

Initial blue quark Final red quark

Momentum broadening
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Medium induced modifications
Transverse plane to jet axis 
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Medium induced modifications

[Mueller, Wu, Xiao, Yuan , 1604.04250]

Interactions with the medium decorrelate jet from b2b configuration
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Heavy-ion exp.

200 GeV

70 GeV

Radiative energy loss 

Gluon radiation
Fast 

quark
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Heavy-ion exp.

200 GeV

70 GeV

Radiative energy loss 

Gluon radiation
Fast 

quark

Slower q
uark

LPM QCD effect

Energy depletion driven 
by soft gluon cascades

GLV coherent energy loss
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Heavy-ion exp.
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Gluon radiation
Fast 

quark

Slower q
uark

Medium induced modifications

<latexit sha1_base64="bTHPZLeeQAXeIyTnVLPeEEZEmBo="></latexit>

tf ⇠ !

k2

<latexit sha1_base64="kNMJZfLrFqo0yK4/I0IzMhbw/Fo="></latexit>

tf ⇠ 2!

k2?
⇠ 2!

q̂tf
hk2?i ⇠ q̂t

LPM QCD effect

Energy depletion driven 
by soft gluon cascades

GLV coherent energy loss

<latexit sha1_base64="qLuYt7lbqJiGU/pxrer4tQL382M="></latexit>

!
dI

d!
⇠ ↵s

L

tf
⇠ ↵s

r
q̂L2

!
vs↵s

µ2L

!
<latexit sha1_base64="qLuYt7lbqJiGU/pxrer4tQL382M="></latexit>

!
dI

d!
⇠ ↵s

L

tf
⇠ ↵s

r
q̂L2

!
vs↵s

µ2L

!<latexit sha1_base64="qLuYt7lbqJiGU/pxrer4tQL382M="></latexit>

!
dI

d!
⇠ ↵s

L

tf
⇠ ↵s

r
q̂L2

!
vs↵s

µ2L

!

<latexit sha1_base64="qLuYt7lbqJiGU/pxrer4tQL382M="></latexit>

!
dI

d!
⇠ ↵s

L

tf
⇠ ↵s

r
q̂L2

!
vs↵s

µ2L

!

ω

ω
dI
dω

ωBH ωc

tf ∼ λ

tf ∼ L

∼
̂qL2

ω

∼ cte .

LPM

GLV

∼
ωc

ω

λ ∼ tf λ ≪ tf L < tf

<latexit sha1_base64="4Loua6eA9yrk4HKCT2hC2OHmiiQ="></latexit>

tf ⇠ time to produce gluon

� ⇠ mean free path

L ⇠ medium size

Bethe- 
-Heitler



João Barata (CERN) 11

Medium induced modifications
Several recent contributions towards improving theory description of radiation rate 



João Barata (CERN) 11

Medium induced modifications
Several recent contributions towards improving theory description of radiation rate 

[Isaksen, Takacs, Tywoniuk, 2206.02811]

Compact and practical 
description of radiation rate



João Barata (CERN) 11

Medium induced modifications
Several recent contributions towards improving theory description of radiation rate 

[Isaksen, Takacs, Tywoniuk, 2206.02811]

Compact and practical 
description of radiation rate

[Li, Qian, Silva Salgado, JB , 2604.11616]

Full kinematical range 
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Medium induced modifications
Several recent contributions towards improving theory description of radiation rate 
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Compact and practical 
description of radiation rate

[Li, Qian, Silva Salgado, JB , 2604.11616]

Full kinematical range 
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[Fickinger, Ovanesyan, Vitev, 1304.3497]

Higher order pQCD terms

A correct description of these elements is critical as they enter any jet observable prediction  
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Medium induced modifications
[Mehtar-Tani, Pablos, Tywoniuk, 2101.01742]
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Medium induced modifications
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Medium induced modifications
[Mehtar-Tani, Pablos, Tywoniuk, 2101.01742]
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[R. Baier, Y. Dokshitzer, A. H. Mueller, hep-ph/0106347]

Several open questions when combining both observables: 
Sensitivity to initial conditions ?

Accurate description of radiation rate ?

Valuable test-bed for basic picture of jets in heavy ions !
Novel physical mechanisms? 

[Adhya, Tywoniuk, 2409.04295]
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Looking inside jets and their substructure
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So far I have focused mainly on global properties of jets, such as their energy and angular opening

+

But a complete tomographic picture might be possible from learning about the inner structure of jets !

[for recent reviews: Marzani, Soyez, Thaler , 1901.10342]
[Andrews et al , 1808.03689]
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[Salgado, Tywoniuk, Mehtar-Tani; Iancu, Casalderrey-Solana, early 2010s]

“Two pronged”

“One prong”
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[Salgado, Tywoniuk, Mehtar-Tani; Iancu, Casalderrey-Solana, early 2010s]

“Two pronged”

“One prong”

[Caucal, Soto-Ontoso, Takacs, 2111.14768]
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Jet substructure in heavy ion collisions
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Jets evolve on top of a bulk which backreacts; this can inform about dynamical properties of matter
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Jets evolve on top of a bulk which backreacts; this can inform about dynamical properties of matter

Jet

[G.-Y. Qin, A. Majumder, H. Song, U. Heinz, 0903.22255]Mach cone structure

Depletion of particles (negative wake)
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The effects of hydro response on jets should be non-negligible

[Tachibana et al, 1701.07951]

Still, hard to get sharp experimental confirmation of this effect

[ATLAS, 2408.08599]
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Jet substructure in heavy ion collisions
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Medium introduces new scales which can change virtuality cascade

Results in reduction of phase space for 
the virtuality cascade to develop

So far poor theoretical understanding;  
realizations highly model dependent

[Caucal,  Mueller, Iancu, Soyez, 1801.09703]

Critical to understand this as a 
baseline for any calculation
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Jet substructure in heavy ion collisions
Several new ideas to explore how the virtuality cascade develops in the medium

[Cunqueiro, et al, 2311.07643]
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Jet substructure in heavy ion collisions
Several new ideas to explore how the virtuality cascade develops in the medium
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Even for simple shapes, the current description of jet observables is rather poor

Perturbative jet 
cascade (vacuum)

Perturbative jet 
cascade vacuum

Including medium 
response
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Energy correlators might offer a clean theoretical and experimental avenue to dissect 
medium induced jet modifications

Jet shapes Energy Flow Correlators
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[P. Komiske, et al, 2203.07800]

One interesting aspect of energy correlators is their clean resolution of physical scales

Jet substructure in heavy ion collisions

pp

[for recent review: Moult, Zhu, 2506.09119]
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[P. Komiske, et al, 2203.07800]

One interesting aspect of energy correlators is their clean resolution of physical scales

Jet substructure in heavy ion collisions

pp

 ΛQCD

[for recent review: Moult, Zhu, 2506.09119]
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[P. Komiske, et al, 2203.07800]

One interesting aspect of energy correlators is their clean resolution of physical scales

Jet substructure in heavy ion collisions
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Scales controlling shape of distributions 
still poorly understood on theory side

[Z. Yang, et al, 2310.01500]

Jet substructure in heavy ion collisions
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Scales controlling shape of distributions 
still poorly understood on theory side

[Z. Yang, et al, 2310.01500]

Jet substructure in heavy ion collisions
[Bossi et al., JHEP, 2024]

Exciting opportunity to realize tomographic 
jet imaging with these observables !
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New opportunities with jets in heavy ions
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non-accessible

Unique opportunity for jets 
in heavy ion collisions !

Hydro

Out of 
equilibrium QCD
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accessible

non-accessible

Unique opportunity for jets 
in heavy ion collisions !

Hydro

Out of 
equilibrium QCD

Jet structure in complex matter

Jet evolution in small systems
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accessible

non-accessible

Unique opportunity for jets 
in heavy ion collisions !

Hydro

Out of 
equilibrium QCD

Jet structure in complex matter

Jet evolution in small systems
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figure from A. Ipp et al.

Early time dynamics of heavy ion collisions characterized by highly occupied and 
anisotropic gluonic state
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[Lappi, Mclerran, hep-ph/0602189]
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figure from A. Ipp et al.
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Jets can be sensitive to the early stages 
unlike soft bulk hadrons which lost 

memory of this state 

[data from D. Avramescu and F. Lindenbauer]
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figure from A. Ipp et al.
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3⇡

2

<latexit sha1_base64="UFafRlzgt6o8sLKQSqgCyfbXRDA=">AAACOnicbVC7TsMwFLV5lvJqYWSxqJCYqqRChbGChbFI9CG1UeU4TmvVdiLbQVRRf4EVPoYfYWVDrHwATpuBtFzJ0vE59/oeHz/mTBvH+YAbm1vbO7ulvfL+weHRcaV60tVRogjtkIhHqu9jTTmTtGOY4bQfK4qFz2nPn95leu+JKs0i+WhmMfUEHksWMoJNRjWGMRtVak7dWRRaB24OaiCv9qgK0TCISCKoNIRjrQeuExsvxcowwum8PEw0jTGZ4jEdWCixoNpLF2bn6MIyAQojZY80aMH+nUix0HomfNspsJnoVS0j/9WelwsKXKCzJUXOF8V79pLSoV7xbcIbL2UyTgyVZGk7TDgyEcpyRAFTlBg+swATxezPEZlghYmxaZdtpu5qguug26i7zXrz4arWus3TLYEzcA4ugQuuQQvcgzboAAIm4AW8gjf4Dj/hF/xetm7AfOYUFAr+/AKuuK4n</latexit>

2⇡
<latexit sha1_base64="i+9bnGGlc1m/9xcKBlm9wHZUg7k=">AAACN3icbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsZWog+pjSrHcVqrthPZDqKK+gWs8DF8ChMbYuUPcNoMpHAlS8fn3Ot7fPyYM20c5x2WNja3tnfKu5W9/YPDo2rtuKejRBHaJRGP1MDHmnImadcww+kgVhQLn9O+P7vL9P4jVZpF8sHMY+oJPJEsZAQbS3WccbXuNJxlob/AzUEd5NUe1yAaBRFJBJWGcKz10HVi46VYGUY4XVRGiaYxJjM8oUMLJRZUe+nS6QKdWyZAYaTskQYt2d8TKRZaz4VvOwU2U72uZeS/2tNqQYELdLakyPmieM9eUjrUa75NeOOlTMaJoZKsbIcJRyZCWYgoYIoSw+cWYKKY/TkiU6wwMTbqis3UXU/wL+hdNtxmo9m5qrdu83TL4BScgQvggmvQAvegDbqAAAqewQt4hW/wA37Cr1VrCeYzJ6BQ8PsHBeis0g==</latexit>

0
<latexit sha1_base64="h+tc5zZNFrdojtiwKas2KfUTaB8=">AAACOnicbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsYi0YfURpXjOI1V24lsB1FV/QVW+Bh+hJUNsfIBOG0G0nIlS8fn3Ot7fPyEM20c5wOWNja3tnfKu5W9/YPDo2rtuKvjVBHaITGPVd/HmnImaccww2k/URQLn9OeP7nL9N4TVZrF8tFME+oJPJYsZASbjBomERtV607DWRRaB24O6iCv9qgG0TCISSqoNIRjrQeukxhvhpVhhNN5ZZhqmmAywWM6sFBiQbU3W5ido3PLBCiMlT3SoAX7d2KGhdZT4dtOgU2kV7WM/Fd7Xi4ocIHOlhQ5XxTv2UtKh3rFtwlvvBmTSWqoJEvbYcqRiVGWIwqYosTwqQWYKGZ/jkiEFSbGpl2xmbqrCa6D7mXDbTaaD1f11m2ebhmcgjNwAVxwDVrgHrRBBxAQgRfwCt7gO/yEX/B72VqC+cwJKBT8+QUR565d</latexit>

�

<latexit sha1_base64="ho62c2HY+MujPSS3K4660n8b4P8="></latexit>⌦
 aniso

N

�� EH (~n1) EH (~n2)
�� aniso

N

↵

h N |EH (~n1) EH (~n2) | N i

<latexit sha1_base64="2CXUy4qjIeQF8v4CGz1UmnOT/nc=">AAACS3icbVDLTgIxFO2gKOILZOmmkZi4IjPGoEuiC11iwithJqRT7kBDOzO2HSOZ8C1u9WP8AL/DnXFhB1gIeJMmp+fc23t6/JgzpW3708ptbed3dgt7xf2Dw6PjUvmko6JEUmjTiEey5xMFnIXQ1kxz6MUSiPA5dP3JXaZ3n0EqFoUtPY3BE2QUsoBRog01KFXiQcsdwRN2bNuVIr2HzmxQqto1e154EzhLUEXLag7KFnaHEU0EhJpyolTfsWPtpURqRjnMim6iICZ0QkbQNzAkApSXzt3P8LlhhjiIpDmhxnP270RKhFJT4ZtOQfRYrWsZ+a/2sliwwg1VtmSV88XqPXtJqkCt+dbBjZeyME40hHRhO0g41hHOgsVDJoFqPjWAUMnMzzEdE0moNvEXTabOeoKboHNZc+q1+uNVtXG7TLeATtEZukAOukYN9ICaqI0omqJX9IberQ/ry/q2fhatOWs5U0Erlcv/AiLZsyo=</latexit>

pT � 100GeV

<latexit sha1_base64="q5pQvZgjtGKcH3h+ORtwwRHqOAQ="></latexit>

q̂ = 1.25 GeV2/fm , L = 4 fm

<latexit sha1_base64="hb0cA+E5j8qm7ncMT+twqxPOEFo=">AAACTnicbVFdS8MwFE3n15xfm4IvvgSH4NNsRaYvwtAXHye4D9hKSbN0C0vamqSyUvdnfNUf46t/xDfRdKtgNy8ETs65N/feEzdkVCrT/DAKK6tr6xvFzdLW9s7uXrmy35ZBJDBp4YAFousiSRj1SUtRxUg3FARxl5GOO75N9c4TEZIG/oOKQ2JzNPSpRzFSmnLKh/0RUsnj1InPftHk2jKdctWsmbOAy8DKQBVk0XQqBuwPAhxx4ivMkJQ9ywyVnSChKGZkWupHkoQIj9GQ9DT0ESfSTmYLTOGJZgbQC4Q+voIz9m9FgriUMXd1JkdqJBe1lPxXm8wb5LiBTJvkOZfn7+lLQnpyYW7lXdkJ9cNIER/Px/YiBlUAU2/hgAqCFYs1QFhQvTnEIyQQVvoHStpTa9HBZdA+r1n1Wv3+otq4ydwtgiNwDE6BBS5BA9yBJmgBDJ7BC3gFb8a78Wl8Gd/z1IKR1RyAXBSKPx8ZtSY=</latexit>

q̂y/q̂x = 10
<latexit sha1_base64="RPxdAgyXl5t416oYJCcG35mR+uk=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRblelFGHrxOMF9wFZKmqVbMGlrkspK2Y/xqj/Gsz/Em4jpVsFuvhB48rxfT564IaNSmeaHUVhZXVsvljbKm1vbO7uV6l5HBpHApI0DFoieiyRh1CdtRRUjvVAQxF1Guu7jbZrvPhMhaeA/qDgkNkcjn3oUI6Upp3IwGCOVPE2d+PQXTa7PnUrNrJuzgMvAykANZNFyqgYcDAMcceIrzJCUfcsMlZ0goShmZFoeRJKECD+iEelr6CNOpJ3M9E/hsWaG0AuEPr6CM/ZvR4K4lDF3dSVHaiwXcyn5b24yX5DjhjJdkudcnr+nk4T05IJu5V3ZCfXDSBEfz2V7EYMqgKm1cEgFwYrFGiAsqH45xGMkEFb6A8raU2vRwWXQOatbjXrj/qLWvMncLYFDcAROgAUuQRPcgRZoAwwS8AJewZvxbnwaX8b3vLRgZD37IBeF4g+dVrTu</latexit>

q̂y/q̂x = 3
<latexit sha1_base64="HBkoqIQ8zQZZEixu6bKsomexdPM=">AAACT3icbZG7TsMwFIadcGvLrYWBgcWiQmIKCYLCglTBwlgkepHaqnIcp7XqXLAd1CjK07DCwzDyJGwIpw0SaTmSpc//sX3O+W2HjAppmp+avra+sblVKle2d3b39qu1g44IIo5JGwcs4D0bCcKoT9qSSkZ6ISfIsxnp2tP7LN99IVzQwH+ScUiGHhr71KUYSSWNqkeDCZLJczqKz39pdmsZV6Nq3TTMecBVsHKogzxao5oGB06AI4/4EjMkRN8yQzlMEJcUM5JWBpEgIcJTNCZ9hT7yiBgm8wlSeKoUB7oBV8uXcK7+vZEgT4jYs9VJD8mJWM5l4r+52aJAQXNEVqSo2V5xn73EhSuW+pbuzTChfhhJ4uNF227EoAxgZi50KCdYslgBwpyqySGeII6wVF9QUZ5ayw6uQufCsBpG4/Gy3rzL3S2BY3ACzoAFrkETPIAWaAMMUvAK3sC79qF9ad96flTXcjgEhdDLP4k+tGQ=</latexit>

q̂y/q̂x = 1.5

<latexit sha1_base64="s27qyKhuvFMcWoQEvaa082zyzbE=">AAACQHicbVC7TsMwFHXKq5RXCyOLRYXEFCUIFRakChbGItGHaKvKcZzWquNE9g2iivoXrPAx/AV/wIZYmXDaDqTlSpaOz7nX9/h4seAaHOfDKqytb2xuFbdLO7t7+wflymFLR4mirEkjEamORzQTXLImcBCsEytGQk+wtje+zfT2E1OaR/IBJjHrh2QoecApAUM99mDEgFw7tjsoVx3bmRVeBe4CVNGiGoOKhXt+RJOQSaCCaN11nRj6KVHAqWDTUi/RLCZ0TIasa6AkIdP9dGZ5ik8N4+MgUuZIwDP270RKQq0noWc6QwIjvaxl5L/a83xBjvN1tiTPeWH+nr2kdKCXfENw1U+5jBNgks5tB4nAEOEsTexzxSiIiQGEKm5+jumIKELBZF4ymbrLCa6C1rnt1uza/UW1frNIt4iO0Qk6Qy66RHV0hxqoiSiS6AW9ojfr3fq0vqzveWvBWswcoVxZP7/4/rA6</latexit>

✓ = 0.1

<latexit sha1_base64="RPxdAgyXl5t416oYJCcG35mR+uk=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRblelFGHrxOMF9wFZKmqVbMGlrkspK2Y/xqj/Gsz/Em4jpVsFuvhB48rxfT564IaNSmeaHUVhZXVsvljbKm1vbO7uV6l5HBpHApI0DFoieiyRh1CdtRRUjvVAQxF1Guu7jbZrvPhMhaeA/qDgkNkcjn3oUI6Upp3IwGCOVPE2d+PQXTa7PnUrNrJuzgMvAykANZNFyqgYcDAMcceIrzJCUfcsMlZ0goShmZFoeRJKECD+iEelr6CNOpJ3M9E/hsWaG0AuEPr6CM/ZvR4K4lDF3dSVHaiwXcyn5b24yX5DjhjJdkudcnr+nk4T05IJu5V3ZCfXDSBEfz2V7EYMqgKm1cEgFwYrFGiAsqH45xGMkEFb6A8raU2vRwWXQOatbjXrj/qLWvMncLYFDcAROgAUuQRPcgRZoAwwS8AJewZvxbnwaX8b3vLRgZD37IBeF4g+dVrTu</latexit>

q̂y/q̂x = 3

[JB, Brewer, Lee, Silva, 2508.19404]
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see also [Ke, Terry, Vitev, 2412.12250]

Jet quenching in the early stages

Observing a vn-like deformation inside jets 
would be extremely useful !

[JB, Milhano, Sadofyev, 2308.01294]
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<latexit sha1_base64="seN5hyyzh+sxTuQzanRueozLIg4=">AAACQ3icbVC7TsMwFLXLq5RXCyOLRYXEVCUVKowVLIxFog+pjSrHcVqrdhJsB1FF+Q5W+Bg+gm9gQ6xIOG0G0nIlS8fn3Ot7fNyIM6Ut6wOWNja3tnfKu5W9/YPDo2rtuKfCWBLaJSEP5cDFinIW0K5mmtNBJCkWLqd9d3ab6f0nKhULgwc9j6gj8CRgPiNYG8oZ+RKTZBSxNGmm42rdaliLQuvAzkEd5NUZ1yAaeSGJBQ004VipoW1F2kmw1IxwmlZGsaIRJjM8oUMDAyyocpKF6xSdG8ZDfijNCTRasH8nEiyUmgvXdAqsp2pVy8h/teflggLnqWxJkXNF8Z69JJWvVnxr/9pJWBDFmgZkaduPOdIhygJFHpOUaD43ABPJzM8RmWITqzaxV0ym9mqC66DXbNitRuv+st6+ydMtg1NwBi6ADa5AG9yBDugCAh7BC3gFb/AdfsIv+L1sLcF85gQUCv78Ajyhsmk=</latexit>⇡

2
<latexit sha1_base64="YZqlCaAABWmLfdvh8OkzcjbKkQQ=">AAACOXicbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsYi6ENqo8pxnNaq7US2g6iifgIrfAxfwsiGWPkBnDYDKVzJ0vE59/oeHz/mTBvHeYeltfWNza3ydmVnd2//oFo77OooUYR2SMQj1fexppxJ2jHMcNqPFcXC57TnT28yvfdIlWaRfDCzmHoCjyULGcHGUvfDmI2qdafhLAr9BW4O6iCv9qgG0TCISCKoNIRjrQeuExsvxcowwum8Mkw0jTGZ4jEdWCixoNpLF17n6NQyAQojZY80aMH+nkix0HomfNspsJnoVS0j/9WelgsKXKCzJUXOF8V79pLSoV7xbcIrL2UyTgyVZGk7TDgyEcpiRAFTlBg+swATxezPEZlghYmxYVdspu5qgn9B97zhNhvNu4t66zpPtwyOwQk4Ay64BC1wC9qgAwgYg2fwAl7hG/yAn/Br2VqC+cwRKBT8/gEtta3r</latexit>⇡

<latexit sha1_base64="A3lVr2FnFByO5WQ3+IH2lpzETyk=">AAACRHicbVC7TsMwFLV5lvJqYWSxqJCYqqSgwljBwlgk+pCaUDmu01p1nMh2EFWU/2CFj+Ef+Ac2xIpw2gyk5UqWjs+51/f4eBFnSlvWB1xb39jc2i7tlHf39g8OK9WjrgpjSWiHhDyUfQ8rypmgHc00p/1IUhx4nPa86W2m956oVCwUD3oWUTfAY8F8RrA21KPjS0ySCydiadJIh5WaVbfmhVaBnYMayKs9rELkjEISB1RowrFSA9uKtJtgqRnhNC07saIRJlM8pgMDBQ6ocpO57RSdGWaE/FCaIzSas38nEhwoNQs80xlgPVHLWkb+qz0vFhS4kcqWFDkvKN6zl6Ty1ZJv7V+7CRNRrKkgC9t+zJEOUZYoGjFJieYzAzCRzPwckQk2uWqTe9lkai8nuAq6jbrdrDfvL2utmzzdEjgBp+Ac2OAKtMAdaIMOIECCF/AK3uA7/IRf8HvRugbzmWNQKPjzC8LNsqY=</latexit>

3⇡

2

<latexit sha1_base64="UFafRlzgt6o8sLKQSqgCyfbXRDA=">AAACOnicbVC7TsMwFLV5lvJqYWSxqJCYqqRChbGChbFI9CG1UeU4TmvVdiLbQVRRf4EVPoYfYWVDrHwATpuBtFzJ0vE59/oeHz/mTBvH+YAbm1vbO7ulvfL+weHRcaV60tVRogjtkIhHqu9jTTmTtGOY4bQfK4qFz2nPn95leu+JKs0i+WhmMfUEHksWMoJNRjWGMRtVak7dWRRaB24OaiCv9qgK0TCISCKoNIRjrQeuExsvxcowwum8PEw0jTGZ4jEdWCixoNpLF2bn6MIyAQojZY80aMH+nUix0HomfNspsJnoVS0j/9WelwsKXKCzJUXOF8V79pLSoV7xbcIbL2UyTgyVZGk7TDgyEcpyRAFTlBg+swATxezPEZlghYmxaZdtpu5qguug26i7zXrz4arWus3TLYEzcA4ugQuuQQvcgzboAAIm4AW8gjf4Dj/hF/xetm7AfOYUFAr+/AKuuK4n</latexit>

2⇡
<latexit sha1_base64="i+9bnGGlc1m/9xcKBlm9wHZUg7k=">AAACN3icbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsZWog+pjSrHcVqrthPZDqKK+gWs8DF8ChMbYuUPcNoMpHAlS8fn3Ot7fPyYM20c5x2WNja3tnfKu5W9/YPDo2rtuKejRBHaJRGP1MDHmnImadcww+kgVhQLn9O+P7vL9P4jVZpF8sHMY+oJPJEsZAQbS3WccbXuNJxlob/AzUEd5NUe1yAaBRFJBJWGcKz10HVi46VYGUY4XVRGiaYxJjM8oUMLJRZUe+nS6QKdWyZAYaTskQYt2d8TKRZaz4VvOwU2U72uZeS/2tNqQYELdLakyPmieM9eUjrUa75NeOOlTMaJoZKsbIcJRyZCWYgoYIoSw+cWYKKY/TkiU6wwMTbqis3UXU/wL+hdNtxmo9m5qrdu83TL4BScgQvggmvQAvegDbqAAAqewQt4hW/wA37Cr1VrCeYzJ6BQ8PsHBeis0g==</latexit>

0
<latexit sha1_base64="h+tc5zZNFrdojtiwKas2KfUTaB8=">AAACOnicbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsYi0YfURpXjOI1V24lsB1FV/QVW+Bh+hJUNsfIBOG0G0nIlS8fn3Ot7fPyEM20c5wOWNja3tnfKu5W9/YPDo2rtuKvjVBHaITGPVd/HmnImaccww2k/URQLn9OeP7nL9N4TVZrF8tFME+oJPJYsZASbjBomERtV607DWRRaB24O6iCv9qgG0TCISSqoNIRjrQeukxhvhpVhhNN5ZZhqmmAywWM6sFBiQbU3W5ido3PLBCiMlT3SoAX7d2KGhdZT4dtOgU2kV7WM/Fd7Xi4ocIHOlhQ5XxTv2UtKh3rFtwlvvBmTSWqoJEvbYcqRiVGWIwqYosTwqQWYKGZ/jkiEFSbGpl2xmbqrCa6D7mXDbTaaD1f11m2ebhmcgjNwAVxwDVrgHrRBBxAQgRfwCt7gO/yEX/B72VqC+cwJKBT8+QUR565d</latexit>

�

<latexit sha1_base64="ho62c2HY+MujPSS3K4660n8b4P8="></latexit>⌦
 aniso

N

�� EH (~n1) EH (~n2)
�� aniso

N

↵

h N |EH (~n1) EH (~n2) | N i

<latexit sha1_base64="2CXUy4qjIeQF8v4CGz1UmnOT/nc=">AAACS3icbVDLTgIxFO2gKOILZOmmkZi4IjPGoEuiC11iwithJqRT7kBDOzO2HSOZ8C1u9WP8AL/DnXFhB1gIeJMmp+fc23t6/JgzpW3708ptbed3dgt7xf2Dw6PjUvmko6JEUmjTiEey5xMFnIXQ1kxz6MUSiPA5dP3JXaZ3n0EqFoUtPY3BE2QUsoBRog01KFXiQcsdwRN2bNuVIr2HzmxQqto1e154EzhLUEXLag7KFnaHEU0EhJpyolTfsWPtpURqRjnMim6iICZ0QkbQNzAkApSXzt3P8LlhhjiIpDmhxnP270RKhFJT4ZtOQfRYrWsZ+a/2sliwwg1VtmSV88XqPXtJqkCt+dbBjZeyME40hHRhO0g41hHOgsVDJoFqPjWAUMnMzzEdE0moNvEXTabOeoKboHNZc+q1+uNVtXG7TLeATtEZukAOukYN9ICaqI0omqJX9IberQ/ry/q2fhatOWs5U0Erlcv/AiLZsyo=</latexit>

pT � 100GeV

<latexit sha1_base64="q5pQvZgjtGKcH3h+ORtwwRHqOAQ="></latexit>

q̂ = 1.25 GeV2/fm , L = 4 fm

<latexit sha1_base64="hb0cA+E5j8qm7ncMT+twqxPOEFo=">AAACTnicbVFdS8MwFE3n15xfm4IvvgSH4NNsRaYvwtAXHye4D9hKSbN0C0vamqSyUvdnfNUf46t/xDfRdKtgNy8ETs65N/feEzdkVCrT/DAKK6tr6xvFzdLW9s7uXrmy35ZBJDBp4YAFousiSRj1SUtRxUg3FARxl5GOO75N9c4TEZIG/oOKQ2JzNPSpRzFSmnLKh/0RUsnj1InPftHk2jKdctWsmbOAy8DKQBVk0XQqBuwPAhxx4ivMkJQ9ywyVnSChKGZkWupHkoQIj9GQ9DT0ESfSTmYLTOGJZgbQC4Q+voIz9m9FgriUMXd1JkdqJBe1lPxXm8wb5LiBTJvkOZfn7+lLQnpyYW7lXdkJ9cNIER/Px/YiBlUAU2/hgAqCFYs1QFhQvTnEIyQQVvoHStpTa9HBZdA+r1n1Wv3+otq4ydwtgiNwDE6BBS5BA9yBJmgBDJ7BC3gFb8a78Wl8Gd/z1IKR1RyAXBSKPx8ZtSY=</latexit>

q̂y/q̂x = 10
<latexit sha1_base64="RPxdAgyXl5t416oYJCcG35mR+uk=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRblelFGHrxOMF9wFZKmqVbMGlrkspK2Y/xqj/Gsz/Em4jpVsFuvhB48rxfT564IaNSmeaHUVhZXVsvljbKm1vbO7uV6l5HBpHApI0DFoieiyRh1CdtRRUjvVAQxF1Guu7jbZrvPhMhaeA/qDgkNkcjn3oUI6Upp3IwGCOVPE2d+PQXTa7PnUrNrJuzgMvAykANZNFyqgYcDAMcceIrzJCUfcsMlZ0goShmZFoeRJKECD+iEelr6CNOpJ3M9E/hsWaG0AuEPr6CM/ZvR4K4lDF3dSVHaiwXcyn5b24yX5DjhjJdkudcnr+nk4T05IJu5V3ZCfXDSBEfz2V7EYMqgKm1cEgFwYrFGiAsqH45xGMkEFb6A8raU2vRwWXQOatbjXrj/qLWvMncLYFDcAROgAUuQRPcgRZoAwwS8AJewZvxbnwaX8b3vLRgZD37IBeF4g+dVrTu</latexit>

q̂y/q̂x = 3
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q̂y/q̂x = 3

[JB, Brewer, Lee, Silva, 2508.19404]
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see also [Ke, Terry, Vitev, 2412.12250]

Jet quenching in the early stages

Observing a vn-like deformation inside jets 
would be extremely useful !

[Bahder, Rahman, Sievert, 2110.03590]
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Can we construct a robust 
picture for global jet properties ?
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What can jet substructure tell us 
about the bulk matter ?
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Can we construct a robust 
picture for global jet properties ?

Can we learn about out of equilibrium 
QCD properties using jets ?

How should the current picture of jets be 
updated to account for small systems ?
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Thank you !


