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Dynamical evolution of Heavy-ion collisions
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where do we use hydrodynamics?
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Collectivity in high energy collisions
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Universality of hydrodynamics
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Phenomenological success of hydrodynamics
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Hydrodynamics as an effective field theory
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Hydrodynamics as an effective field theory
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Hydro simulations: input parameters
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Theoretical benchmarks
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Effect of viscosity on the dynamics
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Dissipation effects in model-to-data comparison
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To the extreme: flow in small systems
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So far so good!!..
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So far so good!!..



The paradigm: Hydrodynamics far from equilibrium
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Effort to extend applicability of hydro out-of-equilibrium
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Nonlinear causality constraints
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Non-linear causality analysis: explicit test
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Non-linear causality analysis

IPGlasma+
MUSIC

Pb+Pb
@2.76 TeV
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Non-linear causality analysis                                      

IPGlasma+
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Pb+Pb
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We have a problem!



Quantification of the causality violations



Impact on observables



O+O @ 5.02 TeV

p+Pb @ 5.02 TeV

Default regulator Default regulator

Non-linear causality in Small Systems



Pb+Pb 2.76 TeV

p+Pb 5.02 TeV

Non-linear Causality analysis



Status of Pre-equilibrium evolution
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Emergence of hydrodynamics from microscopic theory
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Emergence of hydrodynamics from microscopic theory
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Conclusions and outlook
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Thank you for your attention 
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Checking causality: procedure
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DNMR: necessary conditions for causality

Total of six necessary 
conditions: if any 
conditions are violated, 
fluid cell is guaranteed to 
be acausal
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INITIAL STATE FLUCTUATIONS
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BSQ multi-component transient hydrodynamics
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linear Stability analysis
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Applicability||Stability analysis of BSQ Isreal-Stewart
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DA, Dore, Noronha-Hostler (In preparation)

Lyapunov Functional 

See also: Gavassino Class. Quant. Grav. 38 (2021) 21, for single charge analysis in Ekart frame



linear Stability analysis

Dekrayat Almaalol    UIUC 47


	Slide 1: Applicability of hydrodynamics in high energy collisions 
	Slide 2:          Dynamical evolution of Heavy-ion collisions
	Slide 3:          Dynamical evolution of Heavy-ion collisions
	Slide 4:                   where do we use hydrodynamics?
	Slide 5:              Collectivity in high energy collisions
	Slide 6:              Collectivity in high energy collisions
	Slide 7:                    Universality of hydrodynamics
	Slide 8:         Phenomenological success of hydrodynamics
	Slide 9:        Hydrodynamics as an effective field theory
	Slide 10:           Hydrodynamics as an effective field theory
	Slide 11:          Hydrodynamics as an effective field theory
	Slide 12:          Hydrodynamics as an effective field theory
	Slide 13:          Hydrodynamics as an effective field theory
	Slide 14:          Hydrodynamics as an effective field theory
	Slide 15:          Hydrodynamics as an effective field theory
	Slide 16:          Hydrodynamics as an effective field theory
	Slide 17:                 Hydro simulations: input parameters
	Slide 18:                            Theoretical benchmarks
	Slide 19:                  Effect of viscosity on the dynamics
	Slide 20:   Dissipation effects in model-to-data comparison
	Slide 21:               To the extreme: flow in small systems
	Slide 22:                                So far so good!!..
	Slide 23:                                So far so good!!..
	Slide 24:   The paradigm: Hydrodynamics far from equilibrium
	Slide 25: Effort to extend applicability of hydro out-of-equilibrium
	Slide 26:                    Nonlinear causality constraints
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32:                             Non-linear causality in Small Systems 
	Slide 33
	Slide 34:                      Status of Pre-equilibrium evolution
	Slide 35:    Emergence of hydrodynamics from microscopic theory
	Slide 36:    Emergence of hydrodynamics from microscopic theory
	Slide 37:                      Conclusions and outlook
	Slide 38
	Slide 39:     Checking causality: procedure
	Slide 40
	Slide 41
	Slide 42
	Slide 43: INITIAL STATE FLUCTUATIONS
	Slide 44:       BSQ multi-component transient hydrodynamics
	Slide 45:                               linear Stability analysis
	Slide 46: Applicability||Stability analysis of BSQ Isreal-Stewart
	Slide 47: linear Stability analysis

