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Initial condition In Bjorken expansion

from causality
Tau Hoshino (Sophia Univ.), Tetsufumi Hirano (Sophia Univ.) = tecmnmn

Abstract: it is not at all trivial from which stage after the collision the fluid picture can be applied. Whether non-linear hydrodynamic

equations obey the causality depends on how far the system is away from local thermal equilibrium. Thus, for the system to be causal, initial
conditions must be close to the equilibrium state. In this talk, we apply the conditions obtained from causality to the conformal theory in a one-
dimensionally expanding system, analyze how far the system can be away from local thermal equilibrium and constrain initial conditions so

that the system can obey causality during the evolution.
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https://www.bnl.gov/newsroom/news.php?a=110303
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Description by

[ Local thermalization ] relativistic hydrodynamics
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When can fluid picture
Space-time evolution of heavy-ion collision be applied from?
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Necessary/sufficient conditions for causality in relativistic hydrodynamic equation
Fi(eapsa Ha ﬂ//wa ) > 0 (l — 1,2,”)

Equilibrium variables  Non-equilibrium variables F.S. Bemfica et al,, Phys. Rev. Lett. 126,222301 (2021).

’ Apply to numerical simulation
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IP-Glasma + MUSIC

Evolution in the transverse plane
C. Plumberg et al., Phys. Rev. C 105, L061901 (2022)

Causality violates in the area far away from equilibrium (?)

Purpc&e of this study Constrain initial conditions in a one-dimensionally expanding conformal system from a view point of causality

2. Model

Hydrodynamization
Equation of motion under Bjorken expansion
r \ J.D.Bjorken, Phys. Rev. D 27,140 (1983).
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M.P. Heller and M. Spalinski, Phys. Rev.Lett. 115, 072501 (2015).

Numerical solutions for AdS/CFT
. Coe . 2—1In2 1
various initial conditions C,,= S C, =
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147 Numerical solutions 1 Conventional idea

13 1st-order hydro
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Conditions from causality

Conditions for conformal and Bjorken system | Violate necessary condition : acausal
Satisfy sufficient condition : causal

Example
One specific necessary condition :
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Conditions for equilibrium measures in conformal theory

3. Results
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Causal and acausal areas

 Acausal when the system is far from local equilibrium

 Any solutions in the acausal area are not acceptable.
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Constraint on initial conditions

Initial conditions are considerably constrained by satisfying the
sufficient conditions

There can be room for the system to be initialized in a wider regions
so that the solutions do not violate the necessary conditions.

4. Summary

« We analyze how far the one-dimensionally expanding system can be

away from local thermal equilibrium from the view point of causality.
We constrain the initial values in a one-dimensionally expanding
system from the view point of causality.
- At least, one should take initial conditions which do not pass
through the acausal area.
- There is little room of initial conditions for the system to strictly
obey the causality.
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