Quark production in bottom-up thermalization
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Intro: Heavy-ion collisions

Thermalization of QCD plasma in heavy-ion collisions
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Hydrodynamic behavior (thermalization)

How do QCD matter thermalizes?



Intro: Pre-equilibrium stage

Color glass condensate (CGC)

« Static source fields due to time dilation (Weizsacker-William fields)
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e Current:
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* Generates anisotropic chromo-electromagnetic fields
* McLerran-Venugopalan model (MV):
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Intro: Pre-equilibrium stage

Color glass condensate (CGC)

« Static source fields due to time dilation (Weizsacker-William fields)

Parton distribution i Emergence (Momentum fraction)
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* Gluon saturated, quantum correction small — Classical Yang-Mills fields

* Real-time lattice gauge theory



Intro: Real-time lattice gauge theory

Real-time lattice gauge theory (LGT)

Gauge link (canonical variable)

0:U;(x) = {U;(x), H} = igaE{* (x + 1/2)t*U;(x)

Electric field (conjugate momentum)
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Poisson bracket i#j

Parallel transporter to maintain gauge invariance
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Intro: Real-time lattice gauge theory

Turbulence: classical attractor
* Magnetic fields will isotropize plasma (Weibel instability)
 Memory loss ... to fixed point ... but not thermal

Berges, Boguslavski, Schlichting, Venugopalan (2013, 2014); ...
« Stationary solution ... but not thermal

o~ : elastic scattering : + 2+~ 3 processes

o % | | (“bottom-up”)
Thermalization: quantum attractor? . ! 2!
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Intro: Quantum kinetic theory

QCD effective kinetic theory (EKT)
Ay = fg. fq
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* Quantum: quantum statistics (collision integral), amplitudes (QCD diagrams), ...

Arnold, Moore, Yaffe (2003)
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Intro: Quantum kinetic theory

Small angle approximation (numerically less expensive)
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Bottom-up thermalization

Bottom-up thermalization
Initial saturation time T ~ 1/Q; , hard gluon p ~ Q , occupation f ~ 1/a,

1 <1Q4 < a5_3/2 (weakly coupled ag < 1)
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Bottom-up thermalization

I. Very early stage: diluting an over-occupied system 1 < 10, < a>/? (a; « 1)
Initial time 7 ~ 1/Q; , hard gluon (assume isotropic) pr~p,~Qs , occupation fp 4 ~ 1/a;
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Bottom-up thermalization

I. Very early stage: diluting an over-occupied system 1 < 10, < a>/? (a; « 1)

Initial time 7 ~ 1/Q; , hard gluon (assume isotropic) pr~p,~Qs , occupation fp 4 ~ 1/a;
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Bottom-up thermalization

I. Very early stage: diluting an over-occupied system 1 <1Q; < a

Since quarks are initially absent
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Bottom-up thermalization

II. Setting up stage: cooling of soft sector a,*? < 70, < a.>/*
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Bottom-up thermalization

II. Setting up stage: cooling of soft sector a,*? < 10, < a;

Quark production

Relevant coefficients

Conversion
(soft dominate)

Hard splitting

Soft splitting

Competing density of hard n, and soft n;,, two sub-stages
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II. Setting up stage: cooling of soft sector a,*? < 10, < a;

Bottom-up thermalization

Parametric estimations
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Bottom-up thermalization

III. Thermalization: heating up a QGP bath and mini-jet quenching
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Bottom-up thermalization

IV. Post-thermalization: Bjorken expansion
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Summary

Bottom-up thermalization

* Intro: Road to thermalization with quantum kinetic theory
* Scaling behaviors for quark production in bottom-up thermalization
* Numerical comparison with kinetic theory simulation

Numerical results
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