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Deconfined QCD matter in experiments:

Very strong collective effects.

Thousands of particles correlated
according to initial geometry.
Hydrodynamic explosion! 

RHIC

LHC
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Hot QCD Coll. - PRC ‘14

Heavy-Ion Collisions: The Little Bangs



3Daniel Pablos IGFAE - USC

Elliptic Flow vs Centrality

To leading order                       . 

As system size decreased, less flow.

slide adapted from Z. Chen

CMS CMS
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Jet Azimuthal Anisotropy
Slide from 
K. Hill at QM‘19



Parton Energy Loss
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Energy loss with deconfined QCD matter,
degrade energy down to medium scale.

Blaizot et al. - 1209.4585, 1301.6102, 1311.5823 
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Ejet � T

Energetic parton emits quanta, 
which in turn emit more quanta.

pQCD:

Turbulent cascade with sink at E ~ T.

Mehtar-Tani et al. - 2209.10569 

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 Suppression
Jet Suppression
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Jet spectrum gets shifted due to energy loss.



Suppression of Colored Objects
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In-Medium Jet Propagation
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This is an 
(on-shell) parton.

Not a jet.



In-Medium Jet Propagation
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This is a jet.

Highly virtual modes
have vacuum dynamics
(scale separation).

Each resolved vacuum mode
is a source of energy loss.



Quenched Phase Space of a Jet
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Only those jet modes that:

are formed inside the medium, and,

are resolved by the medium,
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tf < L
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tf < td

contribute to double-logarithmic enhancement
of quenched phase space:

PSin

PSin =

Mehtar-Tani, Tywoniuk - PRD ‘18
Caucal, Iancu, Mueller, Soyez - PRL ‘18see also

Lund Plane
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Use microjet distributions derived using Generating Functional (GF) framework:

Vacuum evol.
obeys DGLAP:

Dasgupta et al. - JHEP ‘14

Extend GF in the medium to resum energy loss effects due to multi-particle nature of jet:

Initial condition at zero angle 
is single charge quenching factor:

Radiative
energy loss

Elastic
energy loss

Jet Suppression: Framework

PSin constraint

Mehtar-Tani, DP, Tywoniuk - PRL ‘21
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Jet Suppression: Framework
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✓c ⇠
1p
bqL3



Coherence Angle vs. Centrality
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Embed framework in realistic 
heavy-ion environment. 

Average over many in-medium jet histories.

Approximate function:

Important example:



Jet Suppression at LHC
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Mehtar-Tani, DP, 
Tywoniuk - PRL ‘21

LHC

Modelling sensitivity at pT=110 GeV 
for R between 0.2 and 0.6:

NLO contribution very small
(hard emissions tend to be collinear).

Modeling of fate of lost energy relatively small.

Determination of quenched phase space
relatively large. Improvable in pQCD.

Need to improve perturbative sector before
non-perturbative becomes relevant (for R<0.6!) 



Jet Suppression at LHC
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Jet Suppression at LHC
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Some tension with CMS data
(also tension between ATLAS and CMS).



Jet Suppression at RHIC
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Below dashed line: biased region (experimental limitation).



Jet v2 at LHC for R=0.2

18Daniel Pablos IGFAE - USC

Good description of centrality and pT dependence.

Quenching in initial stages improves agreement with most central class.



R-dependence of v2 at RHIC
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v2 difference between various R and R=0.1 at fixed pT.

Sequential collapse of v2 difference
at different centralities…

What exactly is driving this behaviour?



Simplified Analytics
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For a single species:
Resummed quenching weight 
in the soft z and strong quenching approx:

For small length differences:
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Lin
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Lout

Bare quenching weight Resolved phase-space



Simplified Analytics
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Derivative of resolved phase space 
is independent of R and θc:

Jet v2 larger than single charge v2
by a fixed amount if R > θc.

Otherwise
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Simplified Analytics
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Smaller traversed length

Less quenching per se (only effect in single color charge).

Less quenching due to smaller resolved phase-space. 
(Unless R<θc, both for Lin and Lout!). 
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1p
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✓c

Smaller

Larger



Full framework

Jet v2 Probes Color Coherence
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Map between collision system and centrality
with typical θc (the table in slide 13!)

reveals common dependence on 
color coherence between RHIC and LHC.



Jet v2 Probes Color Coherence
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Map between collision system and centrality
with typical θc (the table in slide 13!)

reveals common dependence on 
color coherence between RHIC and LHC.

Universal scaling for sufficiently large R!

Merging at                . 
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✓⇤c/R ⇡ 1

Full framework

Suggestive of an experimental strategy.

Full framework



Jet v2 Probes Color Coherence
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Universal curve directly sensitive
to θc fluctuations!

Simple analytics
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t ⌘ ✓⇤c/R
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Conclusions
Jet v2 is a length-differential jet suppression observable. Also present in pPb, without quenching!?
Critical coherence angle θc strongly depends on traversed length.

It determines the size of resolved phase space of a jet.

Jet v2 is remarkably sensitive to color coherence physics.

Made first analytical predictions for jet v2 at RHIC and LHC for many R.

Using realistic framework with excellent description of available data (jet pT, R, centrality…)
after fitting a single parameter.

Study relative size of v2 between different R and small R.

Target a variety of θc values.

Proposal: measure jet v2 for as many R, as many centralities, and as many systems
as possible for AuAu and PbPb, and should add OO!

Confront universal scaling picture based on color coherence physics.



Backup Slides



Jets in Vacuum
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Through Generating Functional framework:

Microjet fragmentation function
satisfies DGLAP style evolution:

inclusive dist. of microjets with energy fraction z, flavour j, 
at scale t, with initial parton with flavour i.

<latexit sha1_base64="Xa3F4zxJiYiHPZmvLfxlbMBbMX0="></latexit>

f incl
j/i (z, t)

Relates to inclusive
jet spectrum:

for power-law initial spectrum:

Interpret scale t as an angular scale

Use running coupling constant:
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t ⌘ ✓
<latexit sha1_base64="wViJuEO2L8m4okupWTbLW2TD9zc=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRV1GXRjcsK9gFNCJPpJB06eTBzI5TQX3Djr7hxoYhbd+78G6dtFrX1wsC559zDnXv8VHAFlvVjlNbWNza3ytuVnd29/QPz8KijkkxS1qaJSGTPJ4oJHrM2cBCsl0pGIl+wrj+6nerdRyYVT+IHGKfMjUgY84BTApryzJoDQwbEs7EThrhoGovNOXYGCSjPrFp1a1Z4FdgFqKKiWp75rX00i1gMVBCl+raVgpsTCZwKNqk4mWIpoSMSsr6GMYmYcvPZRRN8ppkBDhKpXwx4xi46chIpNY58PRkRGKplbUr+p/UzCK7dnMdpBiym80VBJjAkeBoPHnDJKIixBoRKrv+K6ZBIQkGHWNEh2Msnr4JOo25f1q37i2rzpoijjE7QKaohG12hJrpDLdRGFD2hF/SG3o1n49X4MD7noyWj8ByjP2V8/QK5W5xT</latexit>

✓1 � ✓2 � ✓3 . . .in angular ordered shower:

Dasgupta et al. - JHEP ‘14
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Barata, Mehtar-Tani - JHEP ‘20



Improved Opacity Expansion (IOE)
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Bethe-Heitler regime

<latexit sha1_base64="D0ersqi0J7n60dNzRfgeYi7swZY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPYSKiHoNePEbIBskQejo1SZPunqG7RwlDPsKLB0W8+j3e/Bs7ixC3BwWP96qoqhcmghvr+x/e0vLK6tp6biO/ubW9s1vY22+YONUM6ywWsW6F1KDgCuuWW4GtRCOVocBmOLye+M071IbHqmZHCQaS9hWPOKPWSc37juGS1LqFYrnkT0H8X+TLKsIc1W7hvdOLWSpRWSaoMe2yn9ggo9pyJnCc76QGE8qGtI9tRxWVaIJseu6YHDulR6JYu1KWTNXFiYxKY0YydJ2S2oH56U3Ev7x2aqPLIOMqSS0qNlsUpYLYmEx+Jz2ukVkxcoQyzd2thA2opsy6hPKLIfxPGqel8nnJvz0rVq7mceTgEI7gBMpwARW4gSrUgcEQHuAJnr3Ee/RevNdZ65I3nzmAb/DePgH8CI9W</latexit>

w ⇠ T

Barata, Mehtar-Tani - JHEP ‘20
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Bethe-Heitler regime

BDMPS-Z regime

<latexit sha1_base64="D0ersqi0J7n60dNzRfgeYi7swZY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPYSKiHoNePEbIBskQejo1SZPunqG7RwlDPsKLB0W8+j3e/Bs7ixC3BwWP96qoqhcmghvr+x/e0vLK6tp6biO/ubW9s1vY22+YONUM6ywWsW6F1KDgCuuWW4GtRCOVocBmOLye+M071IbHqmZHCQaS9hWPOKPWSc37juGS1LqFYrnkT0H8X+TLKsIc1W7hvdOLWSpRWSaoMe2yn9ggo9pyJnCc76QGE8qGtI9tRxWVaIJseu6YHDulR6JYu1KWTNXFiYxKY0YydJ2S2oH56U3Ev7x2aqPLIOMqSS0qNlsUpYLYmEx+Jz2ukVkxcoQyzd2thA2opsy6hPKLIfxPGqel8nnJvz0rVq7mceTgEI7gBMpwARW4gSrUgcEQHuAJnr3Ee/RevNdZ65I3nzmAb/DePgH8CI9W</latexit>

w ⇠ T
<latexit sha1_base64="ONstt0ZJiNc5G566dM747E0cl1o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRA8egl48RjAPSJYwO+lNhszOLjOzhrDkI7x4UMSr3+PNv3HyENRY0FBUddPdFSSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJn6zQdUmsfy3owT9CPalzzkjBorNUfkioy6rFssuWV3BuJ9kyWlBAvUusWPTi9maYTSMEG1bntuYvyMKsOZwEmhk2pMKBvSPrYtlTRC7WezcyfkxCo9EsbKljRkpv6cyGik9TgKbGdEzUD/9abif147NeGln3GZpAYlmy8KU0FMTKa/kx5XyIwYW0KZ4vZWwgZUUWZsQgUbgrcUwhJpnJW9Stm9Oy9Vrxdx5OEIjuEUPLiAKtxCDerAYAiP8AwvTuI8Oa/O27w15yxmDuEXnPcvYd+O8g==</latexit>

w < wc

Barata, Mehtar-Tani - JHEP ‘20
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GLV regime

Bethe-Heitler regime

BDMPS-Z regime

<latexit sha1_base64="D0ersqi0J7n60dNzRfgeYi7swZY=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPYSKiHoNePEbIBskQejo1SZPunqG7RwlDPsKLB0W8+j3e/Bs7ixC3BwWP96qoqhcmghvr+x/e0vLK6tp6biO/ubW9s1vY22+YONUM6ywWsW6F1KDgCuuWW4GtRCOVocBmOLye+M071IbHqmZHCQaS9hWPOKPWSc37juGS1LqFYrnkT0H8X+TLKsIc1W7hvdOLWSpRWSaoMe2yn9ggo9pyJnCc76QGE8qGtI9tRxWVaIJseu6YHDulR6JYu1KWTNXFiYxKY0YydJ2S2oH56U3Ev7x2aqPLIOMqSS0qNlsUpYLYmEx+Jz2ukVkxcoQyzd2thA2opsy6hPKLIfxPGqel8nnJvz0rVq7mceTgEI7gBMpwARW4gSrUgcEQHuAJnr3Ee/RevNdZ65I3nzmAb/DePgH8CI9W</latexit>

w ⇠ T
<latexit sha1_base64="ONstt0ZJiNc5G566dM747E0cl1o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRA8egl48RjAPSJYwO+lNhszOLjOzhrDkI7x4UMSr3+PNv3HyENRY0FBUddPdFSSCa+O6n05uZXVtfSO/Wdja3tndK+4fNHScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJn6zQdUmsfy3owT9CPalzzkjBorNUfkioy6rFssuWV3BuJ9kyWlBAvUusWPTi9maYTSMEG1bntuYvyMKsOZwEmhk2pMKBvSPrYtlTRC7WezcyfkxCo9EsbKljRkpv6cyGik9TgKbGdEzUD/9abif147NeGln3GZpAYlmy8KU0FMTKa/kx5XyIwYW0KZ4vZWwgZUUWZsQgUbgrcUwhJpnJW9Stm9Oy9Vrxdx5OEIjuEUPLiAKtxCDerAYAiP8AwvTuI8Oa/O27w15yxmDuEXnPcvYd+O8g==</latexit>

w < wc
<latexit sha1_base64="R+b/1dB7uYh7A+NgvVdY25tuxD4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqCcJevEYwTwgWcLspDcZMju7zMwawpKP8OJBEa9+jzf/xskD0cSChqKqm+6uIBFcG9f9cnIrq2vrG/nNwtb2zu5ecf+gruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLB7cRvPKLSPJYPZpSgH9Ge5CFn1FipMSTXZNhhnWLJLbtTkB/iLZISzFHtFD/b3ZilEUrDBNW65bmJ8TOqDGcCx4V2qjGhbEB72LJU0gi1n03PHZMTq3RJGCtb0pCp+nsio5HWoyiwnRE1fb3oTcT/vFZqwis/4zJJDUo2WxSmgpiYTH4nXa6QGTGyhDLF7a2E9amizNiECjaEpZeXSf2s7F2U3fvzUuVmHkcejuAYTsGDS6jAHVShBgwG8AQv8OokzrPz5rzPWnPOfOYQ/sD5+AZk5o70</latexit>

w > wc

Barata, Mehtar-Tani - JHEP ‘20



Radiative Energy Loss
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Framework: Light-Cone Perturbation Theory.
Integrated medium induced spectrum:

With potential:

Gyulassy-Wang:

Resummed propagator due to multiple interactions with the medium satisfies
2D Schrödinger-like equation:

and scattering cross-section:

Hard Thermal Loop:

Baier, Dokshitzer, Mueller, Peigne, Schiff - NPB ‘97
Zakharov - JETP Lett. ‘96
Arnold, Moore, Yaffe - JHEP ‘03

Mehtar-Tani - JHEP ‘19



Usual Approximations of the Spectrum
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Gyulassy-Levai-Vitev spectrum

neglect logarithmic 
dependence

<latexit sha1_base64="Ls+QPJZmXLkF8RgW++5G7jlqsJw=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJAQQ0kqBIwVLIxFog+pSSvHdVqrthPZDqKKOrDwKywMIMTKR7DxNzhtBmg50pWOzrlX994TxIwq7Tjf1tLyyuraemGjuLm1vbNr7+03VZRITBo4YpFsB0gRRgVpaKoZaceSIB4w0gpG15nfuidS0Ujc6XFMfI4GgoYUI22knl3yeNJNT6oTT1EO3VOPIz0MwvRh0q327LJTcaaAi8TNSRnkqPfsL68f4YQToTFDSnVcJ9Z+iqSmmJFJ0UsUiREeoQHpGCoQJ8pPp09M4JFR+jCMpCmh4VT9PZEirtSYB6Yzu1HNe5n4n9dJdHjpp1TEiSYCzxaFCYM6glkisE8lwZqNDUFYUnMrxEMkEdYmt6IJwZ1/eZE0qxX3vOLcnpVrV3kcBVACh+AYuOAC1MANqIMGwOARPINX8GY9WS/Wu/Uxa12y8pkD8AfW5w/pKZeh</latexit>

µ⇤2 ⇠ 1/x2

(N=1 opacity expansion):

BDMPS - ASW spectrum

Dilute medium: expand to leading order in 

Single hard scattering, preserves full form of potential.

Harmonic oscillator (diffusion) approximation:

Large medium, resums multiple soft interactions.

Wiedemann - NPB ‘00
Gyulassy, Levai, Vitev - NPB ‘00

Sievert, Vitev, Yoon - PLB ‘19

Wang, Guo - NPA ‘01
Majumder - PRD ‘12

BDMPS-Z
Salgado, Wiedemann - PRD ‘03
Armesto, Salgado, Wiedemann - PRD ‘04



Improved Opacity Expansion (IOE)
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Perform “opacity” expansion on top of harmonic oscillator solution:

Spectrum should be independent of Q2 scale when all orders are included:
This leads to (trans. mom. acquired by radiated gluon — natural scale)

Can systematically compute corrections up to arbitrary order in               :

Spectrum @ NLO
in the soft limit in IOE:

Mehtar-Tani - JHEP ‘19
Mehtar-Tani, Tywoniuk - JHEP ‘19

Barata, Mehtar-Tani - JHEP ‘20



Resummed Quenching Factor
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Mehtar-Tani, DP, Tywoniuk - PRL ‘21

LHC



Out of Cone Radiation
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Only emissions that end up out of the cone R should be accounted for:

Multiplicative
Ansatz:

Use Molière expansion around multiple soft scatterings (a.k.a. IOE).

Broadening dist. Characteristic
broadening scale

Mehtar-Tani, DP, Tywoniuk - PRL ‘21

Barata et al. - PRD ‘21

Can be improved with fully differential spectrum. Barata et al. - JHEP ‘21



Bare Quenching Factor
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For steeply falling spectrum and small energy loss:

<latexit sha1_base64="pdNn63a089D2gsZ3nDHeMZT5q0g=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVERF0W3bis0Bc0IUymk3boZBLnUSghbvwVNy4UcetfuPNvnLZZaOuBC4dz7uXee8KUUakc59sqrayurW+UNytb2zu7e/b+QVsmWmDSwglLRDdEkjDKSUtRxUg3FQTFISOdcHQ79TtjIiRNeFNNUuLHaMBpRDFSRgrsI49r6JEHTcfQiwTCGc+zNGjmgV11as4McJm4BamCAo3A/vL6CdYx4QozJGXPdVLlZ0goihnJK56WJEV4hAakZyhHMZF+Nvsgh6dG6cMoEaa4gjP190SGYikncWg6Y6SGctGbiv95Pa2iaz+jPNWKcDxfFGkGVQKnccA+FQQrNjEEYUHNrRAPkclBmdAqJgR38eVl0j6vuZc15/6iWr8p4iiDY3ACzoALrkAd3IEGaAEMHsEzeAVv1pP1Yr1bH/PWklXMHII/sD5/AMpplx4=</latexit>

⌫ ⌘ n

pT

Quenching factor of a single parton for multiple independent emissions (R dependent): 

O(1) emission probability
undergo turbulent cascade, thermalise
if uniformly distributed in jet hemisphere

<latexit sha1_base64="0EAN2bgXwQIb+i3ttLfDlnqDEsY=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIR9Vj04rGK/YAmhM120y7dTcLuRgih/hUvHhTx6g/x5r9x2+agrQ8GHu/NMDMvTDlT2nG+rZXVtfWNzcpWdXtnd2/fPjjsqCSThLZJwhPZC7GinMW0rZnmtJdKikXIaTcc30z97iOViiXxg85T6gs8jFnECNZGCuzafVB4UiBJycRTTCAvZYFddxrODGiZuCWpQ4lWYH95g4RkgsaacKxU33VS7RdYakY4nVS9TNEUkzEe0r6hMRZU+cXs+Ak6McoARYk0FWs0U39PFFgolYvQdAqsR2rRm4r/ef1MR1d+weI00zQm80VRxpFO0DQJNGDmac1zQzCRzNyKyAhLTLTJq2pCcBdfXiads4Z70XDuzuvN6zKOChzBMZyCC5fQhFtoQRsI5PAMr/BmPVkv1rv1MW9dscqZGvyB9fkDdkKUpg==</latexit>

Rrec ⇠ ⇡

Full out-of-cone spectrum
for semi-hard emissions

<latexit sha1_base64="5uWTAtqBD+6Cl6tETExJIavDK7I="></latexit>

�E = (1� (
R

Rrec
)2)

Z ws

T
dww

dI(0)

dw
= � d

d⌫
Q(0),turb

rad (pT )

����
⌫=0

Note that:

Baier, Dokshitzer, Mueller - JHEP ‘01
Salgado, Wiedemann - PRD ‘03

Mehtar-Tani, DP, Tywoniuk - PRL ‘21



0

0.5

1

1.5

2

2.5

10 100 1000

EPS09LO
d�

/d
p T

d⌘
(w

/
n
P
D
F
/
w
/o

n
P
D
F
)

Jet pT [GeV]

RHIC

LHC

Effect of Nuclear PDF

Daniel Pablos IGFAE - USC39

No quenching.
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<latexit sha1_base64="dQLWr2xbc8DYkc1YgO1E6QgShHA=">AAAB/HicbVC7TgJBFJ3FF+ILtbSZSEysyK7BR2FBtLHERB4RCLk7XHDC7Oxm5q4JAfwKW63sjK3/YuG/uIsUip7q5Jx7c889fqSkJdf9cDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cpn79Ho2Vob6hYYTtAPpa9qQASqTbcQsJxudu8biTL7hFdwr+l3gzUmAzVDr5z1Y3FHGAmoQCa5ueG1F7BIakUDjJtWKLEYgB9LGZUA0B2vZomnjCD2ILFPIIDZeKT0X8uTGCwNph4CeTAdCdnfdS8T+vGVPvrD2SOooJtUgPkVQ4PWSFkUkVyLvSIBGkyZFLzQUYIEIjOQiRiHHSTS7pw5v//i+pHRW9k2LpulQoX8yaybI9ts8OmcdOWZldsQqrMsE0e2RP7Nl5cF6cV+ftezTjzHZ22S84719rOZTJ</latexit>

|⌘| < 0.5 <latexit sha1_base64="nMEYho9LOJWfgvmXn9zwQTShEzs=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIneEKIUF0cYSE/mIQMjcMuCGvb3L7pwJAfwVtlrZGVv/i4X/xQMpFHzVy3szmTfPj5S05LqfTmpldW19I72Z2dre2d3L7h/UbBgbgVURqtA0fLCopMYqSVLYiAxC4Cus+4OrqV9/QGNlqG9pGGE7gL6WPSmAEulu3EKC8UUhX+pkc27enYEvE29OcmyOSif71eqGIg5Qk1BgbdNzI2qPwJAUCieZVmwxAjGAPjYTqiFA2x7NEk/4SWyBQh6h4VLxmYi/N0YQWDsM/GQyALq3i95U/M9rxtQrtUdSRzGhFtNDJBXODllhZFIF8q40SATT5Mil5gIMEKGRHIRIxDjpJpP04S1+v0xqhbx3li/eFHPly3kzaXbEjtkp89g5K7NrVmFVJphmT+yZvTiPzqvz5rz/jKac+c4h+wPn4xtzCJTO</latexit>

|⌘| < 2.8

Steeper spectrum at RHIC energies,
will push RAA down.

Spectra increases with increasing R
due to recapturing out-of-cone radiation.

LHCRHIC

<latexit sha1_base64="geKW/q2LS3HV+O/5Azk1ac10NKU=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJyrJRApQRNJRBIg+UWNH5sgmn3J2tuzVSZOUraKGiQ7R8DAX/ghNcQMJUo5ld7eyEsRQWPe/TKaysrq1vFDdLW9s7u3vl/YOWjRLDockjGZlOyCxIoaGJAiV0YgNMhRLa4fh65rcfwVgR6TucxBAoNtJiKDjDTLrXPSsUrbm1frniud4cdJn4OamQHI1++as3iHiiQCOXzNqu78UYpMyg4BKmpV5iIWZ8zEbQzahmCmyQzgNP6UliGUY0BkOFpHMRfm+kTFk7UWE2qRg+2EVvJv7ndRMcXgap0HGCoPnsEAoJ80OWG5E1AXQgDCCyWXKgQlPODEMEIyjjPBOTrJpS1oe/+P0yaZ25/rlbva1W6ld5M0VyRI7JKfHJBamTG9IgTcKJIk/kmbw4U+fVeXPef0YLTr5zSP7A+fgGXi6ULQ==</latexit>

n ⇠ 5.5
<latexit sha1_base64="T1KOtnSEteSKZWrjJDCE3gc6LBg=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJyrJRRCgjaCiDREJQYkXnyyaccne27tZIUZSvoIWKDtHyMRT8C7ZxAQlTjWZ2tbMTxlJY9LxPp7Syura+Ud6sbG3v7O5V9w86NkoMhzaPZGS6IbMghYY2CpTQjQ0wFUq4CydXmX/3CMaKSN/iNIZAsbEWI8EZptK97luhaN1tDKo1z/Vy0GXiF6RGCrQG1a/+MOKJAo1cMmt7vhdjMGMGBZcwr/QTCzHjEzaGXko1U2CDWR54Tk8SyzCiMRgqJM1F+L0xY8raqQrTScXwwS56mfif10twdBHMhI4TBM2zQygk5IcsNyJtAuhQGEBkWXKgQlPODEMEIyjjPBWTtJpK2oe/+P0y6Zy5/rlbv6nXmpdFM2VyRI7JKfFJgzTJNWmRNuFEkSfyTF6cufPqvDnvP6Mlp9g5JH/gfHwDX7uULg==</latexit>

n ⇠ 4.7

<latexit sha1_base64="gzeWKP0CbQbTM0PPm3eKXV8Ll40=">AAAB+XicdVDLTsJAFJ3iC/GFunQzkZi4alogAjuiG5eYyCOBhkyHC06YTpuZWxPS8BFudeXOuPVrXPgvtoCJGj2rk3PuzT33+JEUBh3n3cqtrW9sbuW3Czu7e/sHxcOjjgljzaHNQxnqns8MSKGgjQIl9CINLPAldP3pVeZ370EbEapbnEXgBWyixFhwhqnUVQMjAlofFkuOXa1XGmWHZqTquEtSqTdq1LWdBUpkhdaw+DEYhTwOQCGXzJi+60ToJUyj4BLmhUFsIGJ8yibQT6liARgvWcSd07PYMAxpBJoKSRcifN9IWGDMLPDTyYDhnfntZeJfXj/Gcd1LhIpiBMWzQygkLA4ZrkXaA9CR0IDIsuRAhaKcaYYIWlDGeSrGaTGFtI+vp+n/pFO23Qu7elMtNS9XzeTJCTkl58QlNdIk16RF2oSTKXkgj+TJSqxn68V6XY7mrNXOMfkB6+0T82KUCw==</latexit>

n ⇠ 8
<latexit sha1_base64="nLe76JoaNccF3/r6LFl1rchE03U=">AAAB+nicdVDLTsJAFJ36RHyhLt1MJCaumhYagR3RjUtM5JFAQ6bDBSdMp83MrQlBfsKtrtwZt/6MC//FFjBRo2d1cs69ueeeIJbCoOO8Wyura+sbm7mt/PbO7t5+4eCwZaJEc2jySEa6EzADUihookAJnVgDCwMJ7WB8mfntO9BGROoGJzH4IRspMRScYSp1VM+IkLpuv1B0bK9arpUcmhHPcRekXK1VqGs7cxTJEo1+4aM3iHgSgkIumTFd14nRnzKNgkuY5XuJgZjxMRtBN6WKhWD86TzvjJ4mhmFEY9BUSDoX4fvGlIXGTMIgnQwZ3prfXib+5XUTHFb9qVBxgqB4dgiFhPkhw7VIiwA6EBoQWZYcqFCUM80QQQvKOE/FJG0mn/bx9TT9n7RKtntue9desX6xbCZHjskJOSMuqZA6uSIN0iScSPJAHsmTdW89Wy/W62J0xVruHJEfsN4+AVxGlD8=</latexit>

n ⇠ 11
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<latexit sha1_base64="dQLWr2xbc8DYkc1YgO1E6QgShHA=">AAAB/HicbVC7TgJBFJ3FF+ILtbSZSEysyK7BR2FBtLHERB4RCLk7XHDC7Oxm5q4JAfwKW63sjK3/YuG/uIsUip7q5Jx7c889fqSkJdf9cDILi0vLK9nV3Nr6xuZWfnunZsPYCKyKUIWm4YNFJTVWSZLCRmQQAl9h3R9cpn79Ho2Vob6hYYTtAPpa9qQASqTbcQsJxudu8biTL7hFdwr+l3gzUmAzVDr5z1Y3FHGAmoQCa5ueG1F7BIakUDjJtWKLEYgB9LGZUA0B2vZomnjCD2ILFPIIDZeKT0X8uTGCwNph4CeTAdCdnfdS8T+vGVPvrD2SOooJtUgPkVQ4PWSFkUkVyLvSIBGkyZFLzQUYIEIjOQiRiHHSTS7pw5v//i+pHRW9k2LpulQoX8yaybI9ts8OmcdOWZldsQqrMsE0e2RP7Nl5cF6cV+ftezTjzHZ22S84719rOZTJ</latexit>

|⌘| < 0.5
<latexit sha1_base64="nMEYho9LOJWfgvmXn9zwQTShEzs=">AAAB/HicbVA9TwJBEN3DL8Qv1NJmIzGxIneEKIUF0cYSE/mIQMjcMuCGvb3L7pwJAfwVtlrZGVv/i4X/xQMpFHzVy3szmTfPj5S05LqfTmpldW19I72Z2dre2d3L7h/UbBgbgVURqtA0fLCopMYqSVLYiAxC4Cus+4OrqV9/QGNlqG9pGGE7gL6WPSmAEulu3EKC8UUhX+pkc27enYEvE29OcmyOSif71eqGIg5Qk1BgbdNzI2qPwJAUCieZVmwxAjGAPjYTqiFA2x7NEk/4SWyBQh6h4VLxmYi/N0YQWDsM/GQyALq3i95U/M9rxtQrtUdSRzGhFtNDJBXODllhZFIF8q40SATT5Mil5gIMEKGRHIRIxDjpJpP04S1+v0xqhbx3li/eFHPly3kzaXbEjtkp89g5K7NrVmFVJphmT+yZvTiPzqvz5rz/jKac+c4h+wPn4xtzCJTO</latexit>

|⌘| < 2.8

Larger quark-initiated jet fraction at RHIC,
should push total RAA up.

Quark-initiated jet fraction decreases with increasing R,
as gluon-initiated jets are more active.

<latexit sha1_base64="MQb6OS0TyoG70831i40AwxSwZUM=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJyrJRBCkjaCiDRB5SbEXnyyaccj6buzVSZEXiK2ihokO0/AoF/4JjXEDCVKOZXe3sBLEUBh3n0yqtrK6tb5Q3K1vbO7t71f2DjokSzaHNIxnpXsAMSKGgjQIl9GINLAwkdIPJ1dzvPoA2IlK3OI3BD9lYiZHgDDPJGw3uqWdESB27MajWHNvJQZeJW5AaKdAaVL+8YcSTEBRyyYzpu06Mfso0Ci5hVvESAzHjEzaGfkYVC8H4aZ55Rk8SwzCiMWgqJM1F+L2RstCYaRhkkyHDO7PozcX/vH6Co4afChUnCIrPD6GQkB8yXIusDKBDoQGRzZMDFYpyphkiaEEZ55mYZO1Usj7cxe+XSefMds/t+k291rwsmimTI3JMTolLLkiTXJMWaRNOYvJEnsmL9Wi9Wm/W+89oySp2DskfWB/fPWCVMQ==</latexit>

fq ⇠ 0.8
<latexit sha1_base64="MQb6OS0TyoG70831i40AwxSwZUM=">AAAB/nicbVC7TsNAEDyHVwivACXNiQiJyrJRBCkjaCiDRB5SbEXnyyaccj6buzVSZEXiK2ihokO0/AoF/4JjXEDCVKOZXe3sBLEUBh3n0yqtrK6tb5Q3K1vbO7t71f2DjokSzaHNIxnpXsAMSKGgjQIl9GINLAwkdIPJ1dzvPoA2IlK3OI3BD9lYiZHgDDPJGw3uqWdESB27MajWHNvJQZeJW5AaKdAaVL+8YcSTEBRyyYzpu06Mfso0Ci5hVvESAzHjEzaGfkYVC8H4aZ55Rk8SwzCiMWgqJM1F+L2RstCYaRhkkyHDO7PozcX/vH6Co4afChUnCIrPD6GQkB8yXIusDKBDoQGRzZMDFYpyphkiaEEZ55mYZO1Usj7cxe+XSefMds/t+k291rwsmimTI3JMTolLLkiTXJMWaRNOYvJEnsmL9Wi9Wm/W+89oySp2DskfWB/fPWCVMQ==</latexit>

fq ⇠ 0.8

RHIC LHC
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<latexit sha1_base64="V9AgO8uwfNSW9YuVHmoZuih8Ogg="></latexit>

h bq0iRHIC ' 0.25GeV2/fm

<latexit sha1_base64="9vHuO/nENBNEkrLd33XYYjb//KE="></latexit>

h bq0iLHC ' 0.44GeV2/fm
<latexit sha1_base64="DINBILMQ7T2crBA75A+ttgTVRA0="></latexit>

hbqiLHC ' 2.34GeV2/fm

<latexit sha1_base64="OvhK4pFV1oAVd7QfqnYAko6G9KA="></latexit>

hbqiRHIC ' 1.22GeV2/fm

<latexit sha1_base64="Zs2BPv2s9ujM9aOBHaPAUFDtvvQ="></latexit>

hLiRHIC ' 4.5 fm

<latexit sha1_base64="q9Ow5baqaHRhFmML6gWJe1O/kX4="></latexit>

hLiLHC ' 5.6 fm

Similar quenching factors
between LHC and RHIC (@ ~ pT)
when considering medium properties.

LHC

RHIC

Resummation more significant
at LHC due to larger phase space.

Bare
Resummed

Bare
Resummed

<latexit sha1_base64="T3ZWMVY4HX1h/a/mrTKtmQVGuko=">AAAB93icdVDLSsNAFJ34rPVVdelmsAiuQhKK7UYounFZwbSFNpTJ9LYOnTyYuRFK6De41ZU7cevnuPBfTGIKKnpWh3Pu5Z57/FgKjZb1bqysrq1vbFa2qts7u3v7tYPDro4SxcHlkYxU32capAjBRYES+rECFvgSev7sKvd796C0iMJbnMfgBWwaiongDDPJnV44pjOq1S3Tsp1mo0FL0loSh9qmVaBOSnRGtY/hOOJJACFyybQe2FaMXsoUCi5hUR0mGmLGZ2wKg4yGLADtpUXYBT1NNMOIxqCokLQQ4ftGygKt54GfTQYM7/RvLxf/8gYJTlpeKsI4QQh5fgiFhOKQ5kpkLQAdCwWILE8OVISUM8UQQQnKOM/EJKulmvWxfJr+T7qOaZ+bjZtGvX1ZNlMhx+SEnBGbNEmbXJMOcQkngjyQR/JkzI1n48V4/RpdMcqdI/IDxtsnm7KSqA==</latexit>

g = 2.2

<latexit sha1_base64="T3ZWMVY4HX1h/a/mrTKtmQVGuko=">AAAB93icdVDLSsNAFJ34rPVVdelmsAiuQhKK7UYounFZwbSFNpTJ9LYOnTyYuRFK6De41ZU7cevnuPBfTGIKKnpWh3Pu5Z57/FgKjZb1bqysrq1vbFa2qts7u3v7tYPDro4SxcHlkYxU32capAjBRYES+rECFvgSev7sKvd796C0iMJbnMfgBWwaiongDDPJnV44pjOq1S3Tsp1mo0FL0loSh9qmVaBOSnRGtY/hOOJJACFyybQe2FaMXsoUCi5hUR0mGmLGZ2wKg4yGLADtpUXYBT1NNMOIxqCokLQQ4ftGygKt54GfTQYM7/RvLxf/8gYJTlpeKsI4QQh5fgiFhOKQ5kpkLQAdCwWILE8OVISUM8UQQQnKOM/EJKulmvWxfJr+T7qOaZ+bjZtGvX1ZNlMhx+SEnBGbNEmbXJMOcQkngjyQR/JkzI1n48V4/RpdMcqdI/IDxtsnm7KSqA==</latexit>

g = 2.2
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Accessing Initial Jet Anisotropies
Du, DP, Tywoniuk - PRL ‘21

Intuitive origin of high-pT jet anisotropies:

Small     (large energy loss): 
      longer path length;
                   .

and viceversa for large    .

However, if use IES:
Reveals initial azimuthal anisotropies.
In this model: none                    .  

And in experiments?<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�

<latexit sha1_base64="zvZATjDU4hTFNL0+5jAXyeh/HEg=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhCswl0QtbAI2lhG8JJAcoS9zV6yZG/v2J0LhJDfYGOhiK0/yM5/4ya5QhMfDDzem2FmXphKYdB1v5219Y3Nre3CTnF3b//gsHR03DBJphn3WSIT3Qqp4VIo7qNAyVup5jQOJW+Gw/uZ3xxxbUSinnCc8iCmfSUiwShayR91q7dut1R2K+4cZJV4OSlDjnq39NXpJSyLuUImqTFtz00xmFCNgkk+LXYyw1PKhrTP25YqGnMTTObHTsm5VXokSrQthWSu/p6Y0NiYcRzazpjiwCx7M/E/r51hdBNMhEoz5IotFkWZJJiQ2eekJzRnKMeWUKaFvZWwAdWUoc2naEPwll9eJY1qxbuqVB8vy7W7PI4CnMIZXIAH11CDB6iDDwwEPMMrvDnKeXHenY9F65qTz5zAHzifP/w+jiY=</latexit>

v2 < 0

<latexit sha1_base64="Y8JgAhSmYKtta/1WAhQA7KXjWTU=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWME88BkCbOT2WTIPJaZ2UBY8hdePCji1b/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdzfzWmGrDlHy0k4SGAg8kixnB1klP414VdQ0TyO+Vyn7FnwOtkiAnZchR75W+un1FUkGlJRwb0wn8xIYZ1pYRTqfFbmpogskID2jHUYkFNWE2v3iKzp3SR7HSrqRFc/X3RIaFMRMRuU6B7dAsezPxP6+T2vgmzJhMUkslWSyKU46sQrP3UZ9pSiyfOIKJZu5WRIZYY2JdSEUXQrD88ippVivBVaX6cFmu3eZxFOAUzuACAriGGtxDHRpAQMIzvMKbZ7wX7937WLSuefnMCfyB9/kDRMKQAQ==</latexit>

v2 ⇠ 0


