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e Ultra-relativistic heavy ion phenomenology has been focusing on
understanding properties of QGP including (but not limited to)
- transport coefficients (e.g., shear and bulk viscosities) and
- jet-medium interaction between QGP and energetic jets.

* Many extensive studies have been looking at low-pr (< 2.5 GeV) or
high-pr (> 10 GeV) regimes.
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 What happens in the intermediate-pr regime,
where thermal ~ mini-jet contributions?
- mini-jet contribution can affect the intermediate and
low-pr observables.
- necessary for better understanding of QGP

* Prerequisite : An extended hybrid approach, which can handle mini-
jet production and energy loss.
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Framework

Overview - bulk dynamics of fireball
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Framework

Bulk dynamics of fireball

1=6.0 fm/c, ideal
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Overview - (mini-)jet energy loss and medium response
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(Mini-)jet energy loss and medium response

MARTINI : Modular Algorithm for Relativistic Treatment of heavy IoN Interaction
B. Schenke, C. Gale and S. Jeon (2010)

Hard process at the position of
binary collision (PYTHIA)

Energy loss
- Radiation (AMY)
P. Arnold, G. Moore and L. Yaffe (2002)

- Collision (with thermal partons)

B. Schenke, C. Gale and G-Y. Qin (2009)
G-Y. Qin et al. (2008)

Fragmentation into hadrons
(PYTHIA / LUND string model)




Framework

(Mini-)jet energy loss and medium response

MARTINI : Modular Algorithm for Relativistic Treatment of heavy IoN Interaction
B. Schenke, C. Gale and S. Jeon (2010)
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Framework

(Mini-)jet energy loss and medium response

MARTINI : Modular Algorithm for Relativistic Treatment of heavy IoN Interaction
B. Schenke, C. Gale and S. Jeon (2010)

Energy loss

- Radiation (AMY)
P. Arnold, G. Moore and L. Yaffe (2002)

- Collision (with thermal partons)

B. Schenke, C. Gale and G-Y. Qin (2009)
G-Y. Qin et al. (2008)
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Framework

(Mini-)jet energy loss and medium response

MARTINI : Modular Algorithm for Relativistic Treatment of heavy IoN Interaction
B. Schenke, C. Gale and S. Jeon (2010)
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Framework

(Mini-)jet energy loss and medium response
Medium response : diffusive perturbation to the energy-stress tensor
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(Mini-)jet energy loss and medium response
Medium response : diffusive perturbation to the energy-stress tensor




Results

* Radial expansion

* Flow anisotropies
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Results

Radial expansion
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Results

Radial expansion
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Jet-thermal shower + diffusion response + hydrodynamics
String frag.

Resu Its Jet-thermal shower + free-streaming response + hydrodynamics
String frag.

Radial expanSion Jet shower + hydrodynamics
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Jet-thermal shower + diffusion response + hydrodynamics

Resu Its Jet-thermal shower + free-streaming response + hydrodynamics
Radial expanSion Jet shower + hydrodynamics
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Results

Flow anisotropies
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Results

Flow anisotropies
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Results

Flow anisotropies
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Conclusions and Outlook

* We present a comprehensive hybrid approach to study
the interplay between QCD mini-jets and bulk medium
- Mini-jet production, energy-loss, and medium response
- Event-by-event hydrodynamics + hadronic transport approach
- Study measurements for 0 < pr < 10 GeV in a unified framework

 Hadron chemistry and anisotropic flow
at the intermediate pr region can unravel
- In medium hadronization
- Hydrodynamic response from low-energy jet partons

* Future systematic studies will help to elucidate
the microscopic to macroscopic properties of the QGP.
- Hydrodynamization of energy-momentum currents from mini-jets
- Independent constraints on the QGP viscosity and charge diffusion
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Framework

IP-Glasma pre-thermalization dynamics
B. Schenke, P. Tribedy and R. Venugopalan (2012)

Classical YM dynamics with color sources in nuclei

color charge distribution
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Framework

MUSIC ViSCOUS hydrOdynamiCS B. Schenke, S. Jeon, and C. Gale (2010)

hydrodynamic equations of motion
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Framework

MUSIC ViSCOUS hydrOdynamiCS B. Schenke, S. Jeon, and C. Gale (2010)

equation of motion for viscous corrections
(response of the system to spatial gradient)

shear viscosity relaxation equation
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Framework

Cooper-Frye partiCIization F Cooper and G. Frye (1 974)

sampling particles according to the Cooper-Frye formula
(transform hydrodynamic information into particles)
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hydrodynamic information

(temperature, flow velocity, ...)



Framework

Cooper-Frye partiCIization F Cooper and G. Frye (1 974)

sampling particles according to the Cooper-Frye formula
(transform hydrodynamic information into particles)
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Framework

Cooper-Frye partiCIization F Cooper and G. Frye (1 974)

sampling particles according to the Cooper-Frye formula
(transform hydrodynamic information into particles)

1. sample number of particles based on Poisson distribution
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2. sample momentum of each particles
according to the Cooper-Frye formula shown in the main slide




Framework

Radiative energy loss (AMY) ¢ armold, G. Moore and L. Yaffe (2002)

k
ICoIIinear emission
Nearly on-shell
intermediate propagator
= p—k

Infinite number of diagrams
» Integral equations

figures by G-Y. Qin



Framework

Collisional energy loSsS s. schenke, C. Gale and G-Y. Qin (2009) ; G-Y. Qin et al. (2008)
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Framework

(Mini-)jet energy loss and medium response
Medium response : diffusive perturbation to the energy-stress tensor
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Framework

(Mini-)jet energy loss and medium response
Medium response : diffusive perturbation to the energy-stress tensor
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Results

What if we have medium response to (mini-)jet feedback?

| — Mini-jets
. —» Mini-jet feedback
” Thermal hadrons




Results

Radial expansion : hadronization and onward re-scatterings
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Results

Radial expansion : hadronization and onward re-scatterings
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Results

Flow anisotropies : hadronization and onward re-scatterings
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Results

Flow anisotropies : hadronization and onward re-scatterings
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