Hydrodynamic initial conditions from
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Abstract: itis not at all trivial at which stage after the first contact 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 study, 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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Q contact can the fluid picture
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Purpose of this study Constrain initial conditions in a one-dimensionally expanding conformal system from a view point of causality

2. Model Conditions from causality

Hydrodynamic model for conformal fluids Conditions for conformal and Bjorken system § Y ©:2te necessary condition: acausa
Satisfy sufficient condition: causal

Hydrodynamic equations under Bjorken expansion g sjren phys. rov. 027, 140 1083)

e: energy density ¢ = 7% — 73 Example. . .
One specific necessary condition:

T = \/t2 — 7% proper time

1 T
7_:relaxation time #: shear viscosity e+P+11+A, > (2}7 + /LZHH) 4”H (Ag+A)D =0 A . Aneigenvalue of 7
C, : dimensionless constants 2 '
1 Transport coefficients from AdS/CFT ( v )
R. Baier et al., JHEP 0804, 100 (2008). T temperature 0O 0 0 O
2-m2 g 1 0L o0 o
{Tﬂ s A } Local rest frame: 7., =|
Can we really describe the system far from equilibrium as a fluid? R Beter ot a1, JHEP 0804100 (2008). P o005 0
_ 1 o _ 000 -4
Reyl"o'ds number (e+P)f1 2(2 —In2) + Aa >
//ly | ] ] | | |
Ro—1 — \/ o, 7" 3|4 m Conditions for dissipative quantity
7 2 . . .
€ € V.E. Ambrus et al., Phys. Rev. Lett. 130, 152301 (2023). N COnforma| theory under Bjorken expansion
3. Results 1 Constraint on initial conditions
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. o Solutions do not pass through acausal area
* Acausal when the system is far from local equilibrium P 5

* Any solutions in the acausal area are not acceptable. Always causal

4. Summary

* We analyze how far the one-dimensionally expanding system can be away from local thermal equilibrium from the causality.

* \We constrain the initial condition of thermodynamic and dissipative variables in conformal theory under Bjorken expansion.
- 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.


mailto:t-hoshino-1d3@eagle.sophia.ac.jp
mailto:t-hoshino-1d3@eagle.sophia.ac.jp

