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A far-from-equilibrium attractor is a property of the system where
the memory of initial conditions is rapidly swept away and a
universal behaviour sets in. Early is 7 ~ 0.5 fm/c

Connects the initial state with the start of the hydro expansion
Observed in hydrodynamics, kinetic theory and holography

® \What mechanism drives the
system towards the O A A Y T R

attractor? \«n‘/ @ V<

Hot Hadron Gas

6<T <10fmic

Equilibrium QGP
2<T <6fmic

Non-equilibrium QGP
03<T<2fmlc

e Can it have experimental
imprints?

® How much can we
constrain initial times?

Semi-hard particle production
0<T <0.3fmi




Bjorken flow

At ultrarelativistic energies
Ty = diag{e(7), Po(7), Pr(7), Pr(7)}

where V,, T# = 0 and T}/ = 0 imply

PL(r) = % <1 - iA) Pr(r) = % (1 + ;A>

where A is the pressure anisotropy

Local effective temperature and dimensionless time variable
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Pressure anisotropy determines the conservation equation

4 2
VuTH =0 < 70 loge = —3 + S A(w)

or in dimensionless variables

dlog T  A(w)—6
dlogw  A(w) + 12

with a solution

T(w) = T(wo)exp (/W dxxﬁ(( ))+ 12>

Function A(w) comes from a microscopic model and encodes
remaining initial conditions of the system



Mueller-Israel-Stewart (MIS) theory

For the Bjorken flow equations read
A I C7'I'I CA 2 3 %
CTn<1+12>A+<3W+8Cn>A_2 w A

The attractor is the unique regular solution A,(w = 0) = 64/ CC”H
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What attracts to attractors?

® Early time: expansion dominated, power-

law, sym. determined

e | ate times: decay of the non-hydro mode, generic
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Connecting early and late times

If an attractor exists T (w) ~ T(wp)exp (fv‘;'; %%)

. 4
At late times (1) ~ -2 75 ~ N2
(Ar)3

At early times  €(7) ~ % — A(w)~6(1-3p)

_2
5(7—07XL)4_J - (Ts)hydro - (Ts)freeze—out ~ (Ts)hydro

Entropy production 7 ~0 = hydro = freeze-out

dN
Ty ~ (Ts)hydro

By now the assumption was free-streaming 8 =1
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Connecting early and late times

® Due to the attractor assumption we can connect particle
production with initial energy deposition

dN 2
Y h(ﬂ)/d2XJ_6(TO>XL)4_ﬂ

® Ratio cancels the unknown factors

(dN/dy)c
<dN/dY>c’

e Adopting various models of initial energy deposition we get
predictions for 3 by fitting to /s = 2.76 TeV ALICE data

Q(c,c) =
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Initial state models

® Dilute-dense
N7, x1) = CT<(x)\/T>(x1)

with T<(x,) = min(T(x. + b/2), T(x, — b/2))

® Trento p = —1

T(x.+b/2)T(x. — b/2)

(o, x1) = C T(xL+b/2) + T(x. — b/2)

® Dense-dense

"9, x1) = CT(x1L + b/2)T(x. — b/2)
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Connecting early and late times

— Bailute—dense = 1.12 ===== Bryento = 1.96  =r-ee Baense—dense = 0.44

« Pb+ Pb@y/5 = 2.76 TeV
o Xe+Xe@y/5 =544 TeV
« U+ U@y5 =193 GeV

o Au+ Au@y/s = 130 GeV

Cu+ Cu@,/5 = 62.4 GeV
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Connecting early and late times
® The three adopted models of initial energy deposition predict
6dilutefdense —1.12 B’I‘rento —1.96 leensefdense —0.44

® Pre-hydrodynamic flow is tightly connected to the initial state
model, and determines initial pressure anisotropy

Adilute—dense =0.96 -ATrento = —-2.82 Adense—dense =4.02

® |n contrast free-streaming, ubiquitous in kinetic theory, implies
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not necessarily consistent with a generic initial energy
deposition model
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Conclusions

The attractor provides a simple conceptual link between early
and late times

Free-streaming is not necessarily compatible with a generic
initial state model

Pre hydro flow needs to matched with a specific initial state
model

Generalize our approach by relaxing symmetry assumptions
and enlarge the functional space of the Bayesian analysis



