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Systematic characterization of an ensemble of initial density profiles
&)1} using an average state ¥ and statistically uncorrelated modes
{W;} representing event-by-event fluctuations [1].

We quantify types and probabilities of fluctuations and study the impact
on initial state quantities.

Using KeMPgST and MUSIC we investigate the influence of various
modes on final-state bulk observables and their correlations.

Decompose events as &) (x) = U(x) + 3, ¢! ¥y (x)

with <Cl> = 0, <ClCl/> - 5”/

Average state: W(x) = 5— >,y @1

Fluctuation modes are eigenvectors of the density matrix:
p = Nl Zz (I)(z)q)(z)T . \P\I/T

Eigenvalues \; of p represent the strength of the fluctuation modes.

Apply this framework to two different initial-state models oo @ 5.02 7ev):

— MC-Glauber (nucleons) / kr-factorization-based Saturation
— fixed impact parameter, 2D
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» Exemplary most important modes in the Glauber model for b = 0 (top)
and b = 9 fm (bottom)
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* Expansion coefficients ¢; follow
an almost Gaussian distribution
(here Glauber model b = 0).

» Deviations from Gaussianity are
larger at finite impact parameter
and for the modes with large [ (not
shown).
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« At b = 0, we find radial modes that contribute to the energy (n = 0) and
degenerate doublets with a single sizable ¢,,.

* At b = 9 fm a mode can have multiple eccentricities.
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for n > 2, r°>-weight for n = 1.
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» Expand observables: O(®) = O(¥) + >, Lic; + %ZH, Qurcier + O(c)),
where ® = ¥ + > ¢, ¥; and compute response coefficients L;, Qu
numerically.

« Example: linear-response coefficients at b = 0 (Glauber model).
— Initial-state quantities(left):
+ Radial modes affect size and energy; eccentricities (Re and
Im ¢,,) for mode pairs.

— Final-state observables (right):
» Radial modes affect average pt and d Ny, /dn. Modes with ¢,

lead to anisotropic flow v,,.
= Viscous damping of the higher harmonics is visible.
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» Quadratic response is in general small compared to linear response,
the most sizable contributions are for dNey, /dn, [pr] and (r?).

* Found an optimal basis with uncorrelated fluctuation modes on top of
an average state to decompose the initial-state profiles.
* Future directions:
— Centrality dependent study with SMASH as hadronic afterburner.
— Decomposing 3D initial conditions and include other initial state
models for comparison.
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