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In contrast to usual HEP, time and distance are relevant variables in heavy-ion collisions
Measure time evolution - in equilibrium and out of equilibrium
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Can we access the initial stages with jet guenching? >
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Phenomenological analyses need delay time in energy loss to fit
Would Flow/gratient effects at late times modify this conclusion?

Yy =0.94/fm
~10.0 -7.5 -5.0

.x [fm].

RAA and v2 simmultaneously

Hard Probes 2024.

Heavy quarks in anisotropic media 4



Is there an interplay between time evolution
properties (velocity fields, gradients...) and jets
developping in the medium?

| S0 that we can measure these properties with |et
observables for different times]
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20 yI'S agO . « « [rather ad-hoc implementation]

Vacuum Static medium: Flowing medium:
(reference) Broadening Anisotropic shape (b)
S
S
-
S
-
)
O
D
=
S
O
> :
< T dE"®/(dndg) | dE™®Y(dndo) A A
g ;
: . : | | .
< What is the eftect of the velocity fields and
the (density/temperature) gradients in jet
-0.3(%3HH0|2HII0|IIIl(l)llIIO|1IIII0.|2IIIII:PHII0|2IIII0|IIII(lllIII0|IHI0|2HH0!3,YI

quenching observables?
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Collective tflow induces quenching (?)

Proposal was to define g with the

Semiperipheral AuAu collisions
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[Majumder, Muller, Bass 2007 propose g**]
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IN-medium parton propagation

Eikonal
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Medium is a background field: color rotation
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[Energy of the parton unmodified]
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Medium is dynamical
[Energy exchanged with the medium]

Coupled Jet-Fluid Model
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[ Tachibana 2019]
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Scattering amplitudes

Color dipole - The simplest configuration
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Medium averages needed - model of the medium
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Medium averages

A recoil-less medium ~ a collection of static scattering centers
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Where the second moment of the distribution defines the jet guenching parameter
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Viedium-induced radiation

[Zakharov, Baier, Dokshitzer, Mueller, Peigne, Schiff, Wiedemann, Gyulassy, Levai, Vitev, and many others... starting in the mid-90’s]

For fluctuation with #, ~ 7, the gluon is X ~ N\ 1/4
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Heavy guark radiation

. . . . M?
Leading mass correction to Wilson line Wu(x., E) = W(x1) X exp {zﬁ (s — t)}
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Heavy guark radiation

. . . . M?
Leading mass correction to Wilson line Wu(x., E) = W(x1) X exp {22— (s — t)}
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[Armesto, Salgado, Wiedemann, 2003]

For the medium, interplay with LPM radiation angle - competing effects

Hard Probes 2024.

Heavy quarks in anisotropic media |3



NOW WITH VELOCITY FIELDS

With gradients and velocity fields
gA“ (q) = Y ket wi(q) (2m)0(g0 — q - u — gz u.)

[Stolen from Xoan Mayo - previous talk]

controls the jet-medium interaction
controls de inhomogeneity

velocity of the sources




‘Directional broadening’

The broadening is given by the average of two path integrals

The resummation of multiple scatterings can be done with
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g is a tensor

The information from these expressions can be encoded
computing the (generalized) jet quenching parameter
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[Also considered in Hauksson, lancu (2023) and Barata, Salgado, Silva (2024) - see next talk!]
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Directional radiation
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Conclusions

Gradients (T, density, etc...) and flow velocities modify jet properties —broadening
and medium-induced radiation

0 Softer particles are bent in the gradient / velocity direction - effect is subleading in energy

1 Additional source of energy loss that could be very important phenomenologically (R4 4 VS V)

For the massive case
1 Jet guenching parameter becomes a tensor both for broadening and radiation
1 .Some observable conseqguences in the next talk by Jodo Silva

71 Dead cone effect is then also directional - mass effect in radiation depends on the relative direction of the
propagation of the quark and the tluid velocity
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