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Abstract
The non-oquitbrium atiractors of systems undergoing Gubser flow
within relativistic kinetic theory are studied. In doing 5o we employ well
established matho m  onlnes dynamical systems which rely on|
finding the fixed poir ety diagrams
of tho evoluion equamm near the stable fixed poits. We obtain the
att ropic._hydrodynamics, lszaol Stowart (1) and)
ransion i (DNMR) theorea and ahow thet they are indeed non-
[pianar and the basin of aftraction is essentially three dimensional. Th|
asympolic atractors of each hydrodynamical model are o ed with
he one obtained from the exact Gubser solution u' the Botzman
equation within the ela
anisatropic hydrodynamics s able 1o match wp o

e nm aftractor of the exact sokution whie the

nycrodynamical thearies fail to describe it We show that the
DNMR a:-)ﬂ‘plmr: saries oxpansion diverge. Our findings indicate tha
ganization of the expansion series camied out by anisolropic
ynamics resums the Knudsen and inverse Reynolds numbers to

n bo undersiood as an oflective thoory for the

Attractor

Lyapunov exponents: A,
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The Gubser flow

arant unde the symmetry group

S0(3), ® SO(1,1) ® Z;

@ Symmetries bacome manifest by considering the
contormal map between Makowski and the 3 dimensi
Sitter space times a fine
@ In De Sittor space, the fluid velociy is  static flow, dg? + cosh’ p (db? 45

i = (1.0.0.0) 455

Remember that
tanhp
) _ tanhy

Kn, R
1

Introducing w « tanh
Alw) = 2

we can combine the hydrodyr

squatons as

s ol

The asymplot attractor Is found based on
slow-roll approximation via two steps:
1) Find roots of H. 2) Solve the differen

ONMR: 2o+ A+
From them we observe a divergent behavior which

can be rasumed via resurgence approach. (4]

@ The stabilty proparties of the IS theary wers studied by considering weil known methods of non-linear dynamical

ystems: fixed points, flow-lines, Lyapunov exponents, and dimensionasty

for the Gubser

@ The asymptotic atiracior doas not dapend on the Knudsen numbsr or invarse Reynolds number.

Arisciop hycrocymemice s ake o descbs mge(m asympt

of the basin of attraction (3 dimensional 2 8. Gubser, A. Yarom, Nucl. Pny-,BB-\S\ 011) 468
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atiractor to high numerical accuracy and
resums effectively the K : no 10 all ord
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* Hydrodynamics seems to work fairly well
in Pb-Pb, pA and p-p collisions. (Weller &
Romatschke, Werner et. al., Bozek)

WHY?

Theoretical models, in strong and weak
coupling, indicate that hydrodynamics
works in far-from-equilibrium situations.

We study far-from-equilbrium attractors
for the Gubser Flow.
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Israel-Stewart case
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A ~ TyerPuy + (% — Toe ™ )ug + ug

* Lyapunov exponents:

05 The attractor is asymptotic and
s 7=tanhp It does NOT depend on the

m | Knudsen or Reynolds numbers.

tanh
Notice that: Kn, Re ' ~ anhp

in

Similar results have been found by Denicol and Noronha. [1804.04771]




Universal asymptotic attractor
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dlog (T
A) = d log (cc()sh)p)

The asymptotic attractor is found based on
slow-roll approximation.

LA Remember that:  Kn, Re ! ~w
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w = tanhp/T
Anisotropic hydrodynamics captures the exact asymptotic attractor with high numerical accuracy and
effectively resums the Knudsen and inverse Reynolds number at ALL orders.




