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Tonm-dominated

m Experiments show signs of collective behavior in small systems.

m We know the far-from-equilibrium QGP has attractor
behavior. In what ways are the long-wavelength excitations
near attractors similar to hydrodynamics?

m Plan:

m Derive a theory describing these excitations by doing an analog
to the 14-moment approximation.

See Michal

c.f. Berges, Denicol, Heller, Preis, arXiv:2504.18754 Heller's talk!

m Apply to a simple known far-from-equilibrium attractor.
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Review: 14-moment approximation

We start with a Boltzmann equation
P Ouf = C[f]

with equilibrium distribution

and expand around equilibrium by writing

f=foq+of.
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Review: 14-moment approximation

In the 14-moment approximation, we then derive Israel-Stewart
hydrodynamics by taking moments of the Boltzmann equation to
find equations of motion for

NE = (o), T = (p'p")
DOF: 4 + 10 =14

The f.q piece gives the ideal hydro quantities £, N, u* (5 DOF),
while the viscous corrections 1, 7#¥ V¥ (9 DOF) are related to the
relaxation of o7,

1

Vi = <P<“>>5f T = <P<“PV>>5f n= 3

af
(A% papg)sr
Israel and Stewart, Annals Phys. 118 (1979) 341-372.
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Review: 14-moment approximation

We choose an ansatz for §f,

p! pp”
= H . —_— —
6f f;ﬁq(:u’a T7 u ) <Ol# E + /B,uu E ) .

DOF: 4 + 10 —14

Some of these overlap with the equilibrium degrees of freedom
w, T, u*, so make these well-defined by imposing constraints

(E)sr = (Ep")sr =0,
DOF: 1 + 4 =5

so 0f has the correct 9 DOF.
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Attractodynamics in the 30-moment approximation

We again start with a Boltzmann equation
pOuf = CIf]

and expand around a generalized attractor surface

fA—fA<a + B+ p“M,,Vp +. )
DOF: 1 + 4 + 9 =14

and write
f=fq+0f.

These Z/lﬁ‘}j represent non-hydrodynamic degrees of freedom that
parametrize the attractor.
Du Plessis, Scheihing-Hitschfeld, RS, arXiv:2607.16393
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Attractodynamics in the 30-moment approximation

The extra degrees of freedom suggest we should calculate
additional dynamical moments

Nt = () TH = (p!p")p 1M = (pHp"p%);
DOF: 4  + 10 + 16 =30

These will break down into 14 “ideal” on-attractor degrees of
freedom and 16 "viscous’ off-attractor degrees of freedom.

Du Plessis, Scheihing-Hitschfeld, RS, arXiv:2607.16393
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Attractodynamics in the 30-moment approximation

We also therefore need extra terms in our ansatz

A oA 1A p* p"p” ptp” p*
of = fa(a”™, B7UT) - (auf + Bupw—F et Wan—Fp ).
DOF: 4 + 10 + 16 =30

and new matching conditions

(E)sr = (Ep")sr = (Ep"U,p")sr =0,
DOF: 1 + 4 + 9 =14

Du Plessis, Scheihing-Hitschfeld, RS, arXiv:2607.16393
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Connection to Adiabatic Hydrodynamization (AH)

Consider Bjorken expansion in an infinite homogeneous medium
with diffusive elastic small-angle scattering,

of  p; Of _ 2
95~ 7 o, — Clf) where CIf] = qlfVf

Now following AH, apply a time-dependent coordinate rescaling,

F(pL,psi) = A(T)w (%, %,7) .

and rewrite as an effective Hamiltonian evolution,

70

Hw = —0,w, where y = log (l>

Note: -1 instead of i

Brewer, Scheihing-Hitschfeld, Yin, arXiv:2203.02427
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Connection to Adiabatic Hydrodynamization (AH)

This effective Hamiltonian is adiabatic and exactly solvable with
ground state

Infq = (a + B + p“Ll )
where
=InA, Ul=Up=——5, Ui=——

and all others zero. Anisotropic and far from thermal!
Brewer, Scheihing-Hitschfeld, Yin, arXiv:2203.02427

The on-attractor degrees of freedom A(7), B(7), and C(7) can be
used to write the attractodynamics equivalent of ideal
hydrodynamics.
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Simplifications in 0+1D

We have 3 on-attractor degrees of freedom (o, Uy}, Us), and 2
off-attractor degrees of freedom Il and 7, where
T = (0, —7/2, —7/2,7). The ansatz for §f simplifies to

2
p
of = fa(a, UL, UZ) - (Oé + Bop + woop? + wazp? + V33Fz> .

We need to calculate five moments,

N=(E), €= <E2>f v Pr= <P§>f )
To = (E®,, and I, = (Ep2); .

and we need three matching conditions

(E)sr = <EP§>5f = <E3>6f =0.
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Attractodynamics: proof of principle
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Du Plessis, Scheihing-Hitschfeld, RS, arXiv:2607.16393
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Attractodynamics: proof of principle
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Choosing one initial condition,
we can check against a numerical
solution to the Boltzmann
equation.

Including “viscous” corrections
gives a marked improvement over
“ideal” attractodynamics!

Du Plessis, Scheihing-Hitschfeld, RS, arXiv:2607.16393
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m We have derived a macroscopic effective theory of dynamics
near an attractor, directly analogous to hydrodynamics.

m In a highly simplified example, we have demonstrated that
attractodynamics behaves as expected!

m The next step is developing attractodynamics into a full 3+1D
macroscopic theory.

m This will allow us to calculate observables like ellipticity,
potentially giving insight into collectivity in small systems!

Rachel Steinhorst

Attractodynamics



