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Jet Quenching
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Evidence of high-pT yield reductions, together with excess of soft particles up to large angles.

ATLAS - 2303.10090 ATLAS - 1908.05264

Inclusive jet and boson-jet suppression. Angular distribution of particles around the jet.

https://inspirehep.net/literature/2648097
https://inspirehep.net/literature/1749578


Jet Quenching
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pQCD:
Medium induced radiation,
develops turbulent cascade.

Jet quenching phenomena are evidence of the creation of deconfined QCD matter.

Chesler & Rajagopal - 1402.6756, 1511.07567 Blaizot et al. - 1209.4585, 1301.6102, 1311.5823 
Mehtar-Tani et al. - 2209.10569 

npSYM:
Falling string into black hole, 
excitation of hydro modes.

Transfer from high-energy to low-energy modes.

https://arxiv.org/abs/1402.6756
https://arxiv.org/abs/1511.07567
https://arxiv.org/abs/1209.4585
https://arxiv.org/abs/1301.6102
https://arxiv.org/abs/1311.5823
https://arxiv.org/abs/2209.10569


Jet Quenching
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Modified Jet

Manifestations of medium response:

Non-perturbative hydrodynamic wakes (probe long wavelength features of QGP),
   due to thermalized partons, non-perturbative energy loss.

Modified QGP

Energy-momentum conservation

Semi-hard perturbative recoils (probe short-length structure of QGP),
           due to the elastic scatterings which trigger induced radiation.



Beyond the Static Brick
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The paradigm of a flowing QGP requires that jet quenching calculations go beyond static brick setup.

Fig. from J. Bahder’s talk



Beyond the Static Brick
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The paradigm of a flowing QGP requires that jet quenching calculations go beyond static brick setup.

Local medium flow and gradients affect:

Radiation

See X. Mayo’s talk

Fig. from X. Mayo’s talk

See J. Silva’s talk
See C. Salgado’s talk



Beyond the Static Brick
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The paradigm of a flowing QGP requires that jet quenching calculations go beyond static brick setup.

Local medium flow and gradients affect:

Broadening

Radiation

See J. Bahder’s talk
See R. Fries’ talk
See T. Luo’s talk

Fig. from J. Bahder’s talk



Beyond the Static Brick
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The paradigm of a flowing QGP requires that jet quenching calculations go beyond static brick setup.

Local medium flow and gradients affect:

Broadening

Wake evolution

Radiation

Tachibana & Hirano - 1510.06966

https://inspirehep.net/literature/1400610


Beyond the Static Brick
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The paradigm of a flowing QGP requires that jet quenching calculations go beyond static brick setup.

Local medium flow and gradients affect:

Broadening
Finding experimental evidence 

of spatiotemporal medium evolution 
on jet observables should be 

a key goal in jet quenching physics.

Radiation

Wake evolution



Beyond the Static Brick
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The paradigm of a flowing QGP requires that jet quenching calculations go beyond static brick setup.

Local medium flow and gradients affect:

Broadening

Radiation

On the right track!

Wake evolution

Finding experimental evidence 
of spatiotemporal medium evolution 

on jet observables should be 
a key goal in jet quenching physics.



Jets
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A jet is not simply a set of on-shell charges.

We know from vacuum physics that jets are better understood as a collection
of color correlated dipoles.

In the medium, energetic jets develop a high-virtuality, vacuum-like evolution
that interacts with the medium.

Interplay between vacuum and medium scales is a great theoretical challenge.

Affected by color coherence physics.



Color Coherence in Vacuum
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Ex: consider gluon emission off a color singlet “jet”.

Effectively: radiation either from quark or anti-quark, provided angular restriction respected.

Leads to angular ordering; basis for probabilistic Monte Carlo approach to jet evolution.

Wavelength of emission only resolves
individual charges if
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Color Coherence in Medium
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Ex: consider stimulated gluon emission off a color singlet dipole in the medium.

A dipole with an angle smaller than critical coherence angle only radiates off its total charge. 

Wavelength of stimulated emission
within the medium L, only resolves 
individual charges if
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bq L3 ⇠ ✓c
Critical coherence angle

(In this example, no radiation at all.)

Also, minimum angle of medium-induced emission is       . 
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Soft scatterings
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Interplay of Vacuum-Like and Medium Evolutions
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Need a more precise understanding of color coherence in the medium,
And this needs to be put in models.

Vacuum-Like
Emission



Interplay of Vacuum-Like and Medium Evolutions
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Leading effect already implemented in JetMed, Hybrid, Collimator Evolution.

Effective emitter

Need a more precise understanding of color coherence in the medium,
And this needs to be put in models.

Caucal et al. - 1907.04866  Hulcher et al. - 1707.05245  Mehtar-Tani et al. - 2402.07869

https://arxiv.org/abs/1907.04866
https://arxiv.org/abs/1707.05245
https://arxiv.org/abs/2402.07869


Interplay of Vacuum-Like and Medium Evolutions
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How can we account for potential modifications of the high-virtuality stage?



Corrections to Vacuum-Like Shower
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MATTER, incorporated in JETSCAPE, recently included modified coherence effects.

Only a hard enough momentum kick (rare), can resolve short-lived high-virtuality dipole.

Decrease of effective      with increasing virtuality.

Mitigates impact of medium-modified splitting functions during vacuum-like evolution.
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� < d ⇠ ⌧f ✓qq̄ ⇠ 1/l?

<latexit sha1_base64="baP1Qp6aN5jRHjvhTAlvtPFtDGo=">AAACF3icbVC7TsNAEDzzDOEVoKQ5ESFRBRshoETQUIJESKQ4itaXTXLi/MjdGhRZ/gA+ga+ghYoO0VJS8C9cQgpImGo0M6vdnSBR0pDrfjozs3PzC4uFpeLyyuraemlj88bEqRZYFbGKdT0Ag0pGWCVJCuuJRggDhbXg9nzo1+5QGxlH1zRIsBlCN5IdKYCs1CqVfeohQSvrcz8AnfXz3Dcy5Fy1Mj9BneT79zblVtwR+DTxxqTMxrhslb78dizSECMSCoxpeG5CzQw0SaEwL/qpwQTELXSxYWkEIZpmNnom57upAYq53c2l4iMRf09kEBozCAObDIF6ZtIbiv95jZQ6J81MRklKGInhIpIKR4uM0NK2hLwtNRLB8HLkMuICNBChlhyEsGJqayvaPrzJ76fJzUHFO6ocXR2WT8/GzRTYNtthe8xjx+yUXbBLVmWCPbAn9sxenEfn1Xlz3n+iM854Zov9gfPxDX/poE4=</latexit>

✓qq̄ ⇠ l?/w

<latexit sha1_base64="s7xRollXq5pfs5ose9pqNcFkZLo=">AAACB3icbVDLSgNBEJz1GeNrNUcvg0HwFHZFoicJevEYwTwgWcLspBOHzD6Y6RXCkg/wK7zqyZt49TM8+C/OritoYp2Kqm6qu/xYCo2O82EtLa+srq2XNsqbW9s7u/befltHieLQ4pGMVNdnGqQIoYUCJXRjBSzwJXT8yVXmd+5BaRGFtziNwQvYOBQjwRkaaWBXJoO0H4OKZxfyhw3sqlNzctBF4hakSgo0B/ZnfxjxJIAQuWRa91wnRi9lCgWXMCv3Ew0x4xM2hp6hIQtAe2l+/IweJZphRE0yFZLmIvzeSFmg9TTwzWTA8E7Pe5n4n9dLcHTupSKME4SQZ0EoJORBmithWgE6FAoQWXY5UBFSzhRDBCUo49yIiampbPpw579fJO2Tmluv1W9Oq43LopkSOSCH5Ji45Iw0yDVpkhbhZEoeyRN5th6sF+vVevseXbKKnQr5A+v9C33tmeI=</latexit>

k? > l?

<latexit sha1_base64="fHVTZ/9UdH/QbH5O5AcaQi+qomQ=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUbS+bJJTzg/u1qDIivgKWqjoEC3fQsG/YBsXkDDVaGZXOztuqKQh2/60lpZXVtfWCxvFza3tnd3S3n7TBJEW2BCBCnTbBYNK+tggSQrboUbwXIUtd3KV+q171EYG/i1NQ+x5MPLlUAqgROp0H+QAx0Dx3axfKtsVOwNfJE5OyixHvV/66g4CEXnok1BgTMexQ+rFoEkKhbNiNzIYgpjACDsJ9cFD04uzyDN+HBmggIeouVQ8E/H3RgyeMVPPTSY9oLGZ91LxP68T0fCiF0s/jAh9kR4iqTA7ZISWSRfIB1IjEaTJkUufC9BAhFpyECIRo6ScYtKHM//9ImmeVpxqpXpzVq5d5s0U2CE7YifMYeesxq5ZnTWYYAF7Ys/sxXq0Xq036/1ndMnKdw7YH1gf3544liM=</latexit>

bq

Kumar et al. - 1909.03178

https://arxiv.org/abs/1909.03178


Jet vs Hadron Suppression

18Daniel Pablos IGFAE - USC

Modified coherence effects improve relation between single hadron and jet suppression.
See Y. Tachibana’s talk

See S. Shi’s talk
Finite formation time of vacuum-like evolution greatly improves description in MARTINI.

<latexit sha1_base64="GQhyCmKp34ObUUYnoE1veE7b2dA=">AAAB+HicdVDLTgJBEJzFF+IL9ehlIjHBy2ZZEPBG9OIREnkksJLZocGR2Udmek2Q8A9e9eTNePVvPPgv7iImarROlarudHW5oRQaLevNSC0tr6yupdczG5tb2zvZ3b2WDiLFockDGaiOyzRI4UMTBUrohAqY50pou+PzxG/fgtIi8C9xEoLjsZEvhoIzjKXWMN+4so/72ZxlnlbL9olNLdOyKnaxnBC7UrKLtBArCXJkgXo/+94bBDzywEcumdbdghWiM2UKBZcwy/QiDSHjYzaCbkx95oF2pvO0M3oUaYYBDUFRIelchO8bU+ZpPfHceNJjeK1/e4n4l9eNcFh1psIPIwSfJ4dQSJgf0lyJuAagA6EAkSXJgQqfcqYYIihBGeexGMW9ZOI+vp6m/5OWbRbKZrlRytXOFs2kyQE5JHlSIBVSIxekTpqEkxtyTx7Io3FnPBnPxsvnaMpY7OyTHzBePwBuO5Mi</latexit>

f(Q2) is virtuality-dependent correction to 
<latexit sha1_base64="fHVTZ/9UdH/QbH5O5AcaQi+qomQ=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgTKChjJI5CElUbS+bJJTzg/u1qDIivgKWqjoEC3fQsG/YBsXkDDVaGZXOztuqKQh2/60lpZXVtfWCxvFza3tnd3S3n7TBJEW2BCBCnTbBYNK+tggSQrboUbwXIUtd3KV+q171EYG/i1NQ+x5MPLlUAqgROp0H+QAx0Dx3axfKtsVOwNfJE5OyixHvV/66g4CEXnok1BgTMexQ+rFoEkKhbNiNzIYgpjACDsJ9cFD04uzyDN+HBmggIeouVQ8E/H3RgyeMVPPTSY9oLGZ91LxP68T0fCiF0s/jAh9kR4iqTA7ZISWSRfIB1IjEaTJkUufC9BAhFpyECIRo6ScYtKHM//9ImmeVpxqpXpzVq5d5s0U2CE7YifMYeesxq5ZnTWYYAF7Ys/sxXq0Xq036/1ndMnKdw7YH1gf3544liM=</latexit>

bq
See P. Jacob’s talk

JETSCAPE - 2204.01163

Modarresi-Yazdi et al. - 2407.19966

https://arxiv.org/abs/2204.01163
https://arxiv.org/abs/2407.19966


Scanning the Lund Plane

19Daniel Pablos IGFAE - USC

Use Lund plane scan to determine degree of shower modification at different scales.

See A. Takacs’ talk

Cunqueiro et al. - 2311.07643

https://arxiv.org/abs/2311.07643


Scanning the Lund Plane

20Daniel Pablos IGFAE - USC

Use Lund plane scan to determine degree of shower modification at different scales.

See A. Takacs’ talk

<latexit sha1_base64="mPf4YhyAay8R7oztNjZl5MATQDQ="></latexit>

kt > 30GeV

Hardest splittings appear
unmodified in many models.

<latexit sha1_base64="zJj2yCm/L5rUs2z4xwjSgBia9iI=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIiFSYkXryyY55fzQ3RopMvkJWqjoEC0/Q8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BjwlgLbItQhbrrgUElA2yTJIXdSCP4nsJ7b3qd+fcPqI0MgzuaRej6MA7kSAqgVOr2aYIEAzGo1uy6nYMvE6cgNVagNah+9YehiH0MSCgwpufYEbkJaJJC4bzSjw1GIKYwxl5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPNDGLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZFoF8KDUSQZYcuQy4AA1EqCUHIVIxTpuppH04i98vk85Z3WnUG7fnteZV0UyZHbFjdsocdsGa7Ia1WJsJptgTe2Yv1qP1ar1Z7z+jJavYOWR/YH18A9tylI4=</latexit>

✓c

Cunqueiro et al. - 2311.07643

https://arxiv.org/abs/2311.07643


Scanning the Lund Plane
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Use Lund plane scan to determine degree of shower modification at different scales.

See A. Takacs’ talk

Shape modification for
moderate kt splittings,
test of coherence.

<latexit sha1_base64="w0nNTz3FP64otCpY7QX7HXtor6I="></latexit>

kt > 8GeV

<latexit sha1_base64="zJj2yCm/L5rUs2z4xwjSgBia9iI=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIiFSYkXryyY55fzQ3RopMvkJWqjoEC0/Q8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BjwlgLbItQhbrrgUElA2yTJIXdSCP4nsJ7b3qd+fcPqI0MgzuaRej6MA7kSAqgVOr2aYIEAzGo1uy6nYMvE6cgNVagNah+9YehiH0MSCgwpufYEbkJaJJC4bzSjw1GIKYwxl5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPNDGLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZFoF8KDUSQZYcuQy4AA1EqCUHIVIxTpuppH04i98vk85Z3WnUG7fnteZV0UyZHbFjdsocdsGa7Ia1WJsJptgTe2Yv1qP1ar1Z7z+jJavYOWR/YH18A9tylI4=</latexit>

✓c

Cunqueiro et al. - 2311.07643

https://arxiv.org/abs/2311.07643


Scanning the Lund Plane

22Daniel Pablos IGFAE - USC

Use Lund plane scan to determine degree of shower modification at different scales.

See A. Takacs’ talk

Scale also sensitive to
different assumptions
on thermalization.

<latexit sha1_base64="w0nNTz3FP64otCpY7QX7HXtor6I="></latexit>

kt > 8GeV

<latexit sha1_base64="zJj2yCm/L5rUs2z4xwjSgBia9iI=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIiFSYkXryyY55fzQ3RopMvkJWqjoEC0/Q8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BjwlgLbItQhbrrgUElA2yTJIXdSCP4nsJ7b3qd+fcPqI0MgzuaRej6MA7kSAqgVOr2aYIEAzGo1uy6nYMvE6cgNVagNah+9YehiH0MSCgwpufYEbkJaJJC4bzSjw1GIKYwxl5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPNDGLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZFoF8KDUSQZYcuQy4AA1EqCUHIVIxTpuppH04i98vk85Z3WnUG7fnteZV0UyZHbFjdsocdsGa7Ia1WJsJptgTe2Yv1qP1ar1Z7z+jJavYOWR/YH18A9tylI4=</latexit>

✓c

Cunqueiro et al. - 2311.07643

https://arxiv.org/abs/2311.07643


Scanning the Lund Plane

23Daniel Pablos IGFAE - USC

Use Lund plane scan to determine degree of shower modifi

See A. Takacs’ talk

Scale also sensitive to
different assumptions
on thermalization.

<latexit sha1_base64="w0nNTz3FP64otCpY7QX7HXtor6I="></latexit>

kt > 8GeV

<latexit sha1_base64="zJj2yCm/L5rUs2z4xwjSgBia9iI=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIRCpQRNJRBIiFSYkXryyY55fzQ3RopMvkJWqjoEC0/Q8G/YBsXkDDVaGZXOztepKQh2/60Siura+sb5c3K1vbO7l51/6BjwlgLbItQhbrrgUElA2yTJIXdSCP4nsJ7b3qd+fcPqI0MgzuaRej6MA7kSAqgVOr2aYIEAzGo1uy6nYMvE6cgNVagNah+9YehiH0MSCgwpufYEbkJaJJC4bzSjw1GIKYwxl5KA/DRuEmed85PYgMU8gg1l4rnIv7eSMA3ZuZ76aQPNDGLXib+5/ViGl26iQyimDAQ2SGSCvNDRmiZFoF8KDUSQZYcuQy4AA1EqCUHIVIxTpuppH04i98vk85Z3WnUG7fnteZV0UyZHbFjdsocdsGa7Ia1WJsJptgTe2Yv1qP1ar1Z7z+jJavYOWR/YH18A9tylI4=</latexit>

✓c

Measurement underway!
See V. Vladimirov’s talk



Towards a Factorized Picture

24Daniel Pablos IGFAE - USC

2409.05957

See Y. Mehtar-Tani’s talk

Goal: Factorization approach for jet 
quenching to all orders in 
perturbation theory via EFT.

Resolved subjets (hard-collinear) convoluted
with energy loss function (collinear-soft) made
of Wilson line correlators.

Better theoretical control on the interplay
between vacuum and medium scales
in computation of jet observables.

Mehtar-Tani et al. - 2409.05957

https://arxiv.org/abs/2409.05957


Color Coherence on Recoils

25Daniel Pablos IGFAE - USC

<latexit sha1_base64="SsJxgcexw0JFMyl8AQlD4XSqVX0=">AAAB+nicbVA9TwJBEN3DL8Qv1NJmIzExFuTOGLQk2lhiIh8JnGRuGXDD7t1ld86EIH/CVis7Y+ufsfC/eJwUCr7q5b2ZzJsXxEpact1PJ7e0vLK6ll8vbGxube8Ud/caNkqMwLqIVGRaAVhUMsQ6SVLYig2CDhQ2g+HV1G8+oLEyCm9pFKOvYRDKvhRAqdTqDEBruDvpFktu2c3AF4k3IyU2Q61b/Or0IpFoDEkosLbtuTH5YzAkhcJJoZNYjEEMYYDtlIag0frjLO+EHyUWKOIxGi4Vz0T8vTEGbe1IB+mkBrq3895U/M9rJ9S/8McyjBPCUEwPkVSYHbLCyLQI5D1pkAimyZHLkAswQIRGchAiFZO0mULahzf//SJpnJa9Srlyc1aqXs6aybMDdsiOmcfOWZVdsxqrM8EUe2LP7MV5dF6dN+f9ZzTnzHb22R84H99jCJRB</latexit>

�⇤

Which are the color coherence effects on recoiling particles?

Or, can we tell which leg of a dipole scattered with the medium constituent?

Recoil
Medium
particle

DP & Sanjurjo - 2406.08550

https://arxiv.org/abs/2406.08550
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Which are the color coherence effects on recoiling particles?

Or, can we tell which leg of a dipole scattered with the medium constituent?

In the soft recoil limit, same result as 
gluon emission in vacuum: 

<latexit sha1_base64="Dr6Bh/U8w3ksgQjkRpzIYQXAEbw=">AAACHnicbVC7TsNAEDyHd3gFKGlOREiIIrIRAgoKBA0lSIREiq1ofWySU86P3K0RyPI/8Al8BS1UdIgWCv4FJxgJAlONZna1O+PHShqy7XerNDE5NT0zO1eeX1hcWq6srF6aKNEC6yJSkW76YFDJEOskSWEz1giBr7Dh90+GfuMatZFReEG3MXoBdEPZkQIol9qVbZd6SNBOXcIb0kGqUURSZdnhtzFwfdDpIMvalapds0fgf4lTkCorcNaufLhXkUgCDEkoMKbl2DF5KWiSQmFWdhODMYg+dLGV0xACNF46ypTxzcQARTxGzaXiIxF/bqQQGHMb+PlkANQz495Q/M9rJdQ58FIZxglhKIaHSCocHTJCy7ws5FdSIxEMP0cuQy5AAxFqyUGIXEzy9sp5H854+r/kcqfm7NX2znerR8dFM7NsnW2wLeawfXbETtkZqzPB7tgDe2RP1r31bL1Yr1+jJavYWWO/YL19AjWFpI4=</latexit>

✓recoil < ✓qq̄

If dipole in color coherent state:

Successive recoils draw the shape of the antenna.

Coll. energy loss of an antenna depends on its angle. 
<latexit sha1_base64="Tmu5oxUu5SyelSzeALMHg+M7asE=">AAACF3icbVC7TsNAEDzzJrwClDQnIiSqYCMUKBEIiRIkkiDFUbS+LMkpZ/tyt0YgKx/AJ/AVtFDRIVpKCv6FS0jBa6rRzKx2dyKtpCXff/cmJqemZ2bn5gsLi0vLK8XVtZpNMyOwKlKVmssILCqZYJUkKbzUBiGOFNaj3vHQr1+jsTJNLuhWYzOGTiKvpAByUqtYap/stG94qE2qKeWhSjshdZGglffDCEzeHwxcyi/7I/C/JBiTEhvjrFX8CNupyGJMSCiwthH4mpo5GJJC4aAQZhY1iB50sOFoAjHaZj56ZsC3MgvuEo2GS8VHIn6fyCG29jaOXDIG6trf3lD8z2tkdHXQzGWiM8JEDBeRVDhaZIWRriXkbWmQCIaXI5cJF2CACI3kIIQTM1dbwfUR/P7+L6ntloNKuXK+Vzo8GjczxzbYJttmAdtnh+yUnbEqE+yOPbBH9uTde8/ei/f6FZ3wxjPr7Ae8t0+MwaBf</latexit>

dE/dx / log ✓qq̄

Color Coherence on Recoils

To be implemented in models.

DP & Sanjurjo - 2406.08550

https://arxiv.org/abs/2406.08550


Recoils on the EEC
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Models that include both medium induced radiation 
and recoiling particles (here LBT) observe 
largest contribution at large angles is from medium response.

See Z. Yang’s talk See W. Xing’s talk

Single quark

Shower
+Radiation
+Medium Response

Flavored jets

Debye massEEC

EEC

Yang et al. - 2310.01500

Xing et al. - 2409.12843

https://arxiv.org/abs/2310.01500
https://arxiv.org/abs/2409.12843
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Recoils on the EEC

EEC

EEC

JEWEL + Recoils describes large angle enhancement

HYBRID + Recoils + Wake describes large angle enhancement

Kudinoor, Pablos, 
Rajagopal - prelim.

CMS-PAS-HIN-23-004

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-004/index.html
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Recoils on the EEC

Work is ongoing to exploit full potential of energy correlators!

EEC

EEC

See C. Andrés’ talk

EEC

Kudinoor, Pablos, 
Rajagopal - prelim.

Holguin et al. - 2409.07514

JEWEL + Recoils describes large angle enhancement

HYBRID + Recoils + Wake describes large angle enhancement

CMS-PAS-HIN-23-004

https://arxiv.org/pdf/2409.07514
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-004/index.html


The Wake

30Daniel Pablos IGFAE - USC

Ideal Viscous

Energy perturbation: sound waves carrying little momentum.

<latexit sha1_base64="ibZ56heXaNA5ocSbX2fsqfT5QNI=">AAACC3icbVC7TsNAEDyHVwivAAUFzYkIiQIFG0GgQULQUIJEEqQ4itaXTTjlzrbu1ojIyifwFbRQ0SFaPoKCf8EJKYAw1WhmV7szQaykJdf9cHJT0zOzc/n5wsLi0vJKcXWtZqPECKyKSEXmJgCLSoZYJUkKb2KDoAOF9aB3PvTrd2isjMJr6sfY1NANZUcKoExqFTd8guTkkPu73Ce8J6PTjt4Tg1ax5JbdEfgk8cakxMa4bBU//XYkEo0hCQXWNjw3pmYKhqRQOCj4icUYRA+62MhoCBptMx0FGPDtxAJFPEbDpeIjEX9upKCt7esgm9RAt/avNxT/8xoJdY6bqQzjhDAUw0MkFY4OWWFk1gzytjRIBMPPkcuQCzBAhEZyECITk6yqQtaH9zf9JKntl71KuXJ1UDo9GzeTZ5tsi+0wjx2xU3bBLlmVCTZgj+yJPTsPzovz6rx9j+ac8c46+wXn/QulI5pe</latexit>

⌧ = 5 fm/c

Mach cone

Bjorken flow backgroundCasalderrey-Solana et al. - 2010.01140

https://arxiv.org/abs/2010.01140


The Wake
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Ideal

Energy perturbation: sound waves carrying little momentum.

<latexit sha1_base64="gcAw31c+FJvr8rxBSk3tRJF6KEA=">AAACC3icbVA9SwNBEN3zM8avqIWFzWIQLCTeicQ0QtDGMoJJhFwIc5uJLu7eHbtzYjjyE/wVtlrZia0/wsL/4iWm0MRXPd6bYea9IFbSkut+OjOzc/MLi7ml/PLK6tp6YWOzYaPECKyLSEXmOgCLSoZYJ0kKr2ODoAOFzeDufOg379FYGYVX1I+xreEmlD0pgDKpU9j2CZLTCvcPuE/4QEanPX0oBp1C0S25I/Bp4o1JkY1R6xS+/G4kEo0hCQXWtjw3pnYKhqRQOMj7icUYxB3cYCujIWi07XQUYMD3EgsU8RgNl4qPRPy9kYK2tq+DbFID3dpJbyj+57US6lXaqQzjhDAUw0MkFY4OWWFk1gzyrjRIBMPPkcuQCzBAhEZyECITk6yqfNaHN5l+mjSOSl65VL48LlbPxs3k2A7bZfvMYyesyi5YjdWZYAP2xJ7Zi/PovDpvzvvP6Iwz3tlif+B8fAOqA5ph</latexit>

⌧ = 8 fm/c

Viscous

Bjorken flow backgroundCasalderrey-Solana et al. - 2010.01140

https://arxiv.org/abs/2010.01140


The Wake
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2010.01140

Ideal

Energy perturbation: sound waves carrying little momentum.

<latexit sha1_base64="1CmA9iCijky38ilKYrMWKC/4thI=">AAACDHicbVC7TsNAEDyHd3gFaJBoTkRIFCjYCAUaJAQNJUgEIsVWtD424ZQ727pbIyIrfAJfQQsVHaLlHyj4F5zggtdUo5ld7c6EiZKWXPfdKY2NT0xOTc+UZ+fmFxYrS8sXNk6NwIaIVWyaIVhUMsIGSVLYTAyCDhVehr3joX95g8bKODqnfoKBhm4kO1IA5VK7suoTpAeex/0t7hPektFZR2+LQbtSdWvuCPwv8QpSZQVO25UP/yoWqcaIhAJrW56bUJCBISkUDsp+ajEB0YMutnIagUYbZKMEA76RWqCYJ2i4VHwk4veNDLS1fR3mkxro2v72huJ/Xiulzn6QyShJCSMxPERS4eiQFUbm1SC/kgaJYPg5chlxAQaI0EgOQuRimndVzvvwfqf/Sy52al69Vj/brR4eFc1MszW2zjaZx/bYITthp6zBBLtjD+yRPTn3zrPz4rx+jZacYmeF/YDz9gkVoJqV</latexit>

⌧ = 11 fm/c

Viscous

Bjorken flow backgroundCasalderrey-Solana et al. - 2010.01140

https://arxiv.org/abs/2010.01140


The Wake
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Ideal

Momentum perturbation: moving fluid behind the jet carrying most momentum.

<latexit sha1_base64="ibZ56heXaNA5ocSbX2fsqfT5QNI=">AAACC3icbVC7TsNAEDyHVwivAAUFzYkIiQIFG0GgQULQUIJEEqQ4itaXTTjlzrbu1ojIyifwFbRQ0SFaPoKCf8EJKYAw1WhmV7szQaykJdf9cHJT0zOzc/n5wsLi0vJKcXWtZqPECKyKSEXmJgCLSoZYJUkKb2KDoAOF9aB3PvTrd2isjMJr6sfY1NANZUcKoExqFTd8guTkkPu73Ce8J6PTjt4Tg1ax5JbdEfgk8cakxMa4bBU//XYkEo0hCQXWNjw3pmYKhqRQOCj4icUYRA+62MhoCBptMx0FGPDtxAJFPEbDpeIjEX9upKCt7esgm9RAt/avNxT/8xoJdY6bqQzjhDAUw0MkFY4OWWFk1gzytjRIBMPPkcuQCzBAhEZyECITk6yqQtaH9zf9JKntl71KuXJ1UDo9GzeTZ5tsi+0wjx2xU3bBLlmVCTZgj+yJPTsPzovz6rx9j+ac8c46+wXn/QulI5pe</latexit>

⌧ = 5 fm/c

Viscous

Bjorken flow backgroundCasalderrey-Solana et al. - 2010.01140

https://arxiv.org/abs/2010.01140


The Wake
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Ideal

Momentum perturbation: moving fluid behind the jet carrying most momentum.

<latexit sha1_base64="gcAw31c+FJvr8rxBSk3tRJF6KEA=">AAACC3icbVA9SwNBEN3zM8avqIWFzWIQLCTeicQ0QtDGMoJJhFwIc5uJLu7eHbtzYjjyE/wVtlrZia0/wsL/4iWm0MRXPd6bYea9IFbSkut+OjOzc/MLi7ml/PLK6tp6YWOzYaPECKyLSEXmOgCLSoZYJ0kKr2ODoAOFzeDufOg379FYGYVX1I+xreEmlD0pgDKpU9j2CZLTCvcPuE/4QEanPX0oBp1C0S25I/Bp4o1JkY1R6xS+/G4kEo0hCQXWtjw3pnYKhqRQOMj7icUYxB3cYCujIWi07XQUYMD3EgsU8RgNl4qPRPy9kYK2tq+DbFID3dpJbyj+57US6lXaqQzjhDAUw0MkFY4OWWFk1gzyrjRIBMPPkcuQCzBAhEZyECITk6yqfNaHN5l+mjSOSl65VL48LlbPxs3k2A7bZfvMYyesyi5YjdWZYAP2xJ7Zi/PovDpvzvvP6Iwz3tlif+B8fAOqA5ph</latexit>

⌧ = 8 fm/c

Viscous

Bjorken flow backgroundCasalderrey-Solana et al. - 2010.01140

https://arxiv.org/abs/2010.01140


The Wake
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Ideal

Diffusion wake

Momentum perturbation: moving fluid behind the jet carrying most momentum.

<latexit sha1_base64="1CmA9iCijky38ilKYrMWKC/4thI=">AAACDHicbVC7TsNAEDyHd3gFaJBoTkRIFCjYCAUaJAQNJUgEIsVWtD424ZQ727pbIyIrfAJfQQsVHaLlHyj4F5zggtdUo5ld7c6EiZKWXPfdKY2NT0xOTc+UZ+fmFxYrS8sXNk6NwIaIVWyaIVhUMsIGSVLYTAyCDhVehr3joX95g8bKODqnfoKBhm4kO1IA5VK7suoTpAeex/0t7hPektFZR2+LQbtSdWvuCPwv8QpSZQVO25UP/yoWqcaIhAJrW56bUJCBISkUDsp+ajEB0YMutnIagUYbZKMEA76RWqCYJ2i4VHwk4veNDLS1fR3mkxro2v72huJ/Xiulzn6QyShJCSMxPERS4eiQFUbm1SC/kgaJYPg5chlxAQaI0EgOQuRimndVzvvwfqf/Sy52al69Vj/brR4eFc1MszW2zjaZx/bYITthp6zBBLtjD+yRPTn3zrPz4rx+jZacYmeF/YDz9gkVoJqV</latexit>

⌧ = 11 fm/c

Viscous

Bjorken flow backgroundCasalderrey-Solana et al. - 2010.01140

https://arxiv.org/abs/2010.01140


Dragging the QGP
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Cooper-Frye



Dragging the QGP
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Cooper-Frye

Jet

Z

Increase particle
production isotropically.

Increase particle
production in jet direction,
decrease in opposite direction
(boosted fluid cells).

Fig. from Y.-J. Lee’s talk

With respect to unperturbed background



Dragging the QGP
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Mehtar-Tani et al. - 2209.10569 

Naturally, excess + depletion is also observed in Effective Kinetic Theory implementations
that account for energy-momentum conservation.

With respect to unperturbed backgroundHe et al. - 1503.03313

https://arxiv.org/abs/2209.10569
https://arxiv.org/abs/1503.03313


The Wake on the EEEC
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pp

<latexit sha1_base64="2E+Gm9HXaTR7NqCkEpTGDoDk4Cc=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCmmQImgoA8JJpMSKzpdNOOV8tu7WSJGVb6CFig7R8jkU/Au2cQEJU41mdrWz40dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaMNQeXhzLUPZ8ZkEKBiwIl9CINLPAldP3pdeZ3H0EbEap7nEXgBWyixFhwhqnk3l3a9eawWrPrdg66TJyC1EiB9rD6NRiFPA5AIZfMmL5jR+glTKPgEuaVQWwgYnzKJtBPqWIBGC/Jw87pSWwYhjQCTYWkuQi/NxIWGDML/HQyYPhgFr1M/M/rxzhueolQUYygeHYIhYT8kOFapC0AHQkNiCxLDlQoyplmiKAFZZynYpzWUkn7cBa/Xyads7rTqDduz2utq6KZMjkix+SUOOSCtMgNaROXcCLIE3kmL9bMerXerPef0ZJV7BySP7A+vgEuMZJh</latexit>

R = 0.8

Collinear singularity in QCD

See A. Rai’s poster

(squeezed triangles).

<latexit sha1_base64="bx6LZypUQKRzdOtyp8c2KSu2OAQ=">AAAB/XicdVC7SgNBFJ31bXxFLW0Gg2C1TDZxEyGFaGNhoWKMsC5hdnITh8w+mLkrhBD8Clut7MTWb7HwX9yNEVT0VIdz7uWee4JESYOMvVlT0zOzc/MLi4Wl5ZXVteL6xqWJUy2gKWIV66uAG1AygiZKVHCVaOBhoKAV9I9yv3UL2sg4usBBAn7Ie5HsSsExkzxmu43z9kmD2bV2scTs/brr7DmU2YzVnIqbE6dWdSq0nCk5SmSC03bx/boTizSECIXixnhllqA/5BqlUDAqXKcGEi76vAdeRiMegvGH48gjupMajjFNQFOp6FiE7xtDHhozCINsMuR4Y357ufiX56XYrftDGSUpQiTyQygVjA8ZoWXWBdCO1IDI8+RAZUQF1xwRtKRciExMs3IKWR9fT9P/yaVjl13bPauWDg4nzSyQLbJNdkmZ1MgBOSanpEkEick9eSCP1p31ZD1bL5+jU9ZkZ5P8gPX6AcgwlFo=</latexit>

0.6 < RL < 0.7
then rescaled to 1

Bossi et al. - 2407.13818

https://arxiv.org/abs/2407.13818


The Wake on the EEEC
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pp

<latexit sha1_base64="2E+Gm9HXaTR7NqCkEpTGDoDk4Cc=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCmmQImgoA8JJpMSKzpdNOOV8tu7WSJGVb6CFig7R8jkU/Au2cQEJU41mdrWz40dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaMNQeXhzLUPZ8ZkEKBiwIl9CINLPAldP3pdeZ3H0EbEap7nEXgBWyixFhwhqnk3l3a9eawWrPrdg66TJyC1EiB9rD6NRiFPA5AIZfMmL5jR+glTKPgEuaVQWwgYnzKJtBPqWIBGC/Jw87pSWwYhjQCTYWkuQi/NxIWGDML/HQyYPhgFr1M/M/rxzhueolQUYygeHYIhYT8kOFapC0AHQkNiCxLDlQoyplmiKAFZZynYpzWUkn7cBa/Xyads7rTqDduz2utq6KZMjkix+SUOOSCtMgNaROXcCLIE3kmL9bMerXerPef0ZJV7BySP7A+vgEuMZJh</latexit>

R = 0.8

See A. Rai’s poster
Dominated by jet-wake-wake correlations.

Striking dependence on the wake.

<latexit sha1_base64="2E+Gm9HXaTR7NqCkEpTGDoDk4Cc=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCmmQImgoA8JJpMSKzpdNOOV8tu7WSJGVb6CFig7R8jkU/Au2cQEJU41mdrWz40dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaMNQeXhzLUPZ8ZkEKBiwIl9CINLPAldP3pdeZ3H0EbEap7nEXgBWyixFhwhqnk3l3a9eawWrPrdg66TJyC1EiB9rD6NRiFPA5AIZfMmL5jR+glTKPgEuaVQWwgYnzKJtBPqWIBGC/Jw87pSWwYhjQCTYWkuQi/NxIWGDML/HQyYPhgFr1M/M/rxzhueolQUYygeHYIhYT8kOFapC0AHQkNiCxLDlQoyplmiKAFZZynYpzWUkn7cBa/Xyads7rTqDduz2utq6KZMjkix+SUOOSCtMgNaROXcCLIE3kmL9bMerXerPef0ZJV7BySP7A+vgEuMZJh</latexit>

R = 0.8

Specially manifest in the equilateral region.

<latexit sha1_base64="2E+Gm9HXaTR7NqCkEpTGDoDk4Cc=">AAAB93icbVC7TsNAEDyHVwivACXNiQiJKrIRCmmQImgoA8JJpMSKzpdNOOV8tu7WSJGVb6CFig7R8jkU/Au2cQEJU41mdrWz40dSGLTtT6u0srq2vlHerGxt7+zuVfcPOiaMNQeXhzLUPZ8ZkEKBiwIl9CINLPAldP3pdeZ3H0EbEap7nEXgBWyixFhwhqnk3l3a9eawWrPrdg66TJyC1EiB9rD6NRiFPA5AIZfMmL5jR+glTKPgEuaVQWwgYnzKJtBPqWIBGC/Jw87pSWwYhjQCTYWkuQi/NxIWGDML/HQyYPhgFr1M/M/rxzhueolQUYygeHYIhYT8kOFapC0AHQkNiCxLDlQoyplmiKAFZZynYpzWUkn7cBa/Xyads7rTqDduz2utq6KZMjkix+SUOOSCtMgNaROXcCLIE3kmL9bMerXerPef0ZJV7BySP7A+vgEuMZJh</latexit>

R = 0.8

3-point energy correlator (EEEC) in PbPb: 

<latexit sha1_base64="bx6LZypUQKRzdOtyp8c2KSu2OAQ=">AAAB/XicdVC7SgNBFJ31bXxFLW0Gg2C1TDZxEyGFaGNhoWKMsC5hdnITh8w+mLkrhBD8Clut7MTWb7HwX9yNEVT0VIdz7uWee4JESYOMvVlT0zOzc/MLi4Wl5ZXVteL6xqWJUy2gKWIV66uAG1AygiZKVHCVaOBhoKAV9I9yv3UL2sg4usBBAn7Ie5HsSsExkzxmu43z9kmD2bV2scTs/brr7DmU2YzVnIqbE6dWdSq0nCk5SmSC03bx/boTizSECIXixnhllqA/5BqlUDAqXKcGEi76vAdeRiMegvGH48gjupMajjFNQFOp6FiE7xtDHhozCINsMuR4Y357ufiX56XYrftDGSUpQiTyQygVjA8ZoWXWBdCO1IDI8+RAZUQF1xwRtKRciExMs3IKWR9fT9P/yaVjl13bPauWDg4nzSyQLbJNdkmZ1MgBOSanpEkEick9eSCP1p31ZD1bL5+jU9ZkZ5P8gPX6AcgwlFo=</latexit>

0.6 < RL < 0.7
then rescaled to 1

Bossi et al. - 2407.13818

https://arxiv.org/abs/2407.13818


Multiple Wakes
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Exploit ATLAS’ reconstruction of large R jets via hard small R jets.

We have learned that wider structures tend to be more suppressed,
but can we analyze the medium response to these multiple structures?

Just wake particles

See A. Kudinoor’s talk

See M. Rybar’s talk

See M. Park’s talk
See M. Nguyen’s talk
See B. Hofman’s talk
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<latexit sha1_base64="HShLG+UWflxWMpUvfc/b+Aao6Bs=">AAACDXicbVC7SgNBFJ2Nrxhfq1ZiMxgECwm7IolFiqCFlhHyguwSZic3ccjsg5m7YliCn+BX2GplJ7Z+g4X/4m5ModFTHc65l3vP8SIpNFrWh5FbWFxaXsmvFtbWNza3zO2dlg5jxaHJQxmqjsc0SBFAEwVK6EQKmO9JaHuji8xv34LSIgwaOI7A9dkwEAPBGaZSz9yzSpVq1GtUbeocUwfhDpWfXEJr0jOLVsmagv4l9owUyQz1nvnp9EMe+xAgl0zrrm1F6CZMoeASJgUn1hAxPmJD6KY0YD5oN5lGmNDDWDMMaQSKCkmnIvzcSJiv9dj30kmf4Y2e9zLxP68b4+DMTUQQxQgBzw6hkDA9pLkSaTdA+0IBIss+ByoCypliiKAEZZynYpyWVUj7sOfT/yWtk5JdLpWvT4u181kzebJPDsgRsUmF1MgVqZMm4eSePJIn8mw8GC/Gq/H2PZozZju75BeM9y/GsJpY</latexit>

0.7 < pT < 1GeV

Soft particles contribution dominated by wake(s). See A. Kudinoor’s talk

Multiple Wakes

Outlook: Non-trivial interference patterns? Event plane correlations?

We have learned that wider structures tend to be more suppressed,
but can we analyze the medium response to these multiple structures?

See M. Park’s talk
See M. Nguyen’s talk
See B. Hofman’s talk



Parton Cascade vs Medium Response
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Turbulent cascade of soft quanta also extends rapidly to large angles.

Evidence of medium response not unambiguous.

Medium-induced parton cascade Hydrodynamic wake
Leading jet

Subleading jet

Blaizot & Mehtar-Tani - 1503.05958 Casalderrey-Solana et al. - 1609.05842

https://arxiv.org/abs/1503.05958
https://arxiv.org/abs/1609.05842


Looking for the Smoking Gun
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What is truly unique about medium response, i.e. absent in other mechanisms,
is the depletion in the direction opposite to the drag experienced by the fluid.

Look at boson-jet systems to avoid dealing with two wakes!

Searches have been ongoing:
See Y. Go’s talk

PbPb - pp

MPI
Limited
sensitivity

CMS

Z side Jet side

CMS - 2103.04377 ATLAS - 2408.08599

https://arxiv.org/abs/2103.04377
https://arxiv.org/abs/2408.08599


Direct Evidence of Diffusion Wake
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New at this conference: first, unambiguous, evidence of medium response of the QGP to the jet !!!

Azimuthal distance wrt Z boson.

Models without medium response fail.

Depletion around 
<latexit sha1_base64="WbGnfNH1YVSZi2OKjEkH40kxf7A=">AAACBnicbVC7TgJBFJ3FF+ILsbSZSEysyK4xaEnUwhITeSTshtwdLjBh9pGZu0ZC6P0KW63sjK2/YeG/uOAWCp7q5Jx7c889fqykIdv+tHIrq2vrG/nNwtb2zu5ecb/UNFGiBTZEpCLd9sGgkiE2SJLCdqwRAl9hyx9dzfzWPWojo/COxjF6AQxC2ZcCKJW6xZJ7jYqAu/FQctfIgNvdYtmu2HPwZeJkpMwy1LvFL7cXiSTAkIQCYzqOHZM3AU1SKJwW3MRgDGIEA+ykNIQAjTeZZ5/y48QARTxGzaXicxF/b0wgMGYc+OlkADQ0i95M/M/rJNS/8CYyjBPCUMwOkVQ4P2SElmkpyHtSIxHMkiOXIReggQi15CBEKiZpS4W0D2fx+2XSPK041Ur19qxcu8yaybNDdsROmMPOWY3dsDprMMEe2BN7Zi/Wo/VqvVnvP6M5K9s5YH9gfXwDc7iYBw==</latexit>

�� ⇠ 0

Together with excess at 
<latexit sha1_base64="9bxZLGjTBAvYDKx3NOeIhGBQun4=">AAACCHicbVC7SgNREL3rM8ZXfHQ2F4NgFXZFomVQC8sI5gHZEGZvxmTw7oN7Z4UY8gN+ha1WdmLrX1j4L25iCjWe6nDODHPmBIkmy6774czNLywuLedW8qtr6xubha3tuo1To7CmYh2bZgAWNUVYY2KNzcQghIHGRnB7PvYbd2gsxdE1DxJsh9CL6IYUcCZ1Crv+BWoG6Sd9kr6lMGPUKRTdkjuBnCXelBTFFNVO4dPvxioNMWKlwdqW5ybcHoJhUhpHeT+1mIC6hR62MhpBiLY9nKQfyYPUAscyQSNJy4mIPzeGEFo7CINsMgTu27/eWPzPa6V8c9oeUpSkjJEaH2LSODlklaGsFpRdMsgM4+QoKZIKDDCjIQlKZWKa9ZTP+vD+fj9L6kclr1wqXx0XK2fTZnJiT+yLQ+GJE1ERl6IqakKJe/EonsSz8+C8OK/O2/fonDPd2RG/4Lx/AWH7mSA=</latexit>

�� ⇠ ⇡

Models with medium response 
have good agreement with data.

Mixed event background subtraction.

.
.

See Y.-J. Lee’s talk
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New at this conference: first, unambiguous, evidence of medium response of the QGP to the jet !!!

Rapidity separation wrt Z boson.
Depletion around 

Mixed event background subtraction.

<latexit sha1_base64="lA5Mh/wfECFKsEcdjgPaxPl9Euk=">AAACA3icbVC7TsNAEDyHVwiPBChpTkRIVJGNUKCMgIIySOQhxVG0vmzCKeeH7tZIUZSSr6CFig7R8iEU/Au2cQEJU41mdrWz40VKGrLtT6uwsrq2vlHcLG1t7+yWK3v7bRPGWmBLhCrUXQ8MKhlgiyQp7EYawfcUdrzJVep3HlAbGQZ3NI2w78M4kCMpgBJpUCm716gI+JS7RvrcHlSqds3OwJeJk5Mqy9EcVL7cYShiHwMSCozpOXZE/RlokkLhvOTGBiMQExhjL6EB+Gj6syz4nB/HBijkEWouFc9E/L0xA9+Yqe8lkz7QvVn0UvE/rxfT6KI/k0EUEwYiPURSYXbICC2TRpAPpUYiSJMjlwEXoIEIteQgRCLGSUWlpA9n8ftl0j6tOfVa/fas2rjMmymyQ3bETpjDzlmD3bAmazHBYvbEntmL9Wi9Wm/W+89owcp3DtgfWB/fK3CWxQ==</latexit>

�y ⇠ 0

Direct Evidence of Diffusion Wake

Z side
.

Models without medium response fail.

Models with medium response 
have good agreement with data.

See Y.-J. Lee’s talk



Medium Induced Radiation
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Genuine evidence of medium induced radiation is still lacking.

Sizeable effect in realistic Monte Carlo can be measured with upcoming LHC data!

See U. Wiedemann’s talk

Study of the medium-stimulated production of charm pairs within jets.

Attems et al. - 2209.13600

https://arxiv.org/abs/2209.13600


Conclusions & Outlook
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The era of jet tomography has truly arrived.
Imprints of flowing QGP properties on jet radiation and broadening thanks to new calculations.

Interplay of vacuum and medium scales during jet evolution still in development.
Medium modification of early and not so early vacuum-like splittings.
Color coherence effects.

Milestone in jet quenching physics: direct evidence of the diffusion wake.
Medium response now of proven importance for phenomenology.
Can we consistently describe recoils & wake?

Need state-of-the-art implementations of medium induced radiation and medium response.
For a meaningful interpretation of observables. 
To make robust statements about the nature of the QGP via jet quenching.



Thanks!
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