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Motivation cRc.-rm

O+O@ vV SNN =5.36 TeV

Pb+Pb@+/ syy=5.36 TeV
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» Recent O+0/ Ne+Ne measurements show sizable collectivity and a clear sensitivity to
nuclear geometry.

> Most current constraints come from midrapidity observables, yet the initial state is far
from boost invariant.

» Longitudinal structures of final observables remain unexplored, e.g. rapidity dependence
of flow and longitudinal decorrelation may be affected by initial geometry.

Jie Zhu Motivation Heidelberg | Sep 23, 2026 2/12



(3+1)D hybrid modeling of light-ion collisions cRc.-rm

Cooper-Frye

McDIPPER —ﬁ Free-Streaming —)‘ CLVisc _H SMASH

» McDipper: saturation-based 3D initial model. prc 109, 044916 (2024)
PGCM-clustered configurations used. PRL 135, 012302 (2025)

dN dNg
(te)o = [ d*p|p| [ 9 xedy T 2o5.F d2xd2f)dy] :
Y="ns

> Free-Streaming: T (7f5,X1,7s) = T; 027r 99 pip” (re)o(x1 — AT P, 7s)
PRC 103 (2021) 5, 054909, P = (1,vfscos P, vpssin ¢, 0), 755=0.6 fm, v;,=0.6.

» CLVisc: (3+1)D viscous hydrodynamic model with viscosity from Duke group.

PRC 97, 064918 (2018); PRC 105, 034909 (2022); PRC 94, 024907 (2016)

9,T" =0, DI+ =—C0+ .., TﬂAgngaﬁ + T = ot + .,

» Cooper—Frye + SMASH: particlization on the hypersurface with eg, = 0.4 GeV/fm3,
oversampled 1000 times per event, followed by hadronic transport. prc o4, 054905 (2016)
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Results: multiplicity and radial flow distribution “‘m
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Results: anisotropic flow “‘m
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Results: directed flow “‘m

» 194405 P} is calculated with respect to spectator nucleons.
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> Steeper slope in Ne+Ne: stronger initial tilt and weaker damping in the larger system.

K. Nayak, V. Bairathi, arXiv:2609.12096
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Results: longitudinal decorrelation “‘m
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» In central collisions, the difference in decorrelation between Ne-~Ne and O+O collisions is

marginal.

» In mid-central collisions, we find
m slightly larger elliptic flow decorrelation in Ne+Ne collisions,

m but larger triangular flow decorrelation in O+O collisions.

Jie Zhu

Results and discussions
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Results: longitudinal decorrelation “‘m
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The effects from pre-equilibrium stage “‘m

> Test prehydro effects with 200 events from 0-5% O-+O collisions.
» Compare KgMPgST-3D (7/5=0.08 or 0.16) to Free-streaming (v;s=1.0 or 0.6).
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> KgMPgST assumes the causal region is much smaller than the system size, then
TH (7,x) of the system can be expressed as a sum of the evolved background and the
response to the initial out-of-equilibrium perturbations,
m The non-equilibrium background (7#") evolution is described by a universal function

& [x = Tg/g] derived from the scaling behavior of kinetic evolution.
m Perturbations around the background can be described by linear response theory derived
from RTA kinetics. PRD 102 (2020) 5, 056003, PRD 113 (2026) 9, 096009
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Results: pre-equilibrium effects on multiplicity and radial flow “‘m

Ratio to Free-Streaming, vi=1.0
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P Interactions drive down both the particle production and the radial expansion, through
the work done by the longitudinal pressure.
> The effective free-streaming velocity leaves the particle production untouched but

suppresses the radial flow strongly, because the interface gives a negative bulk pressure.
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Results: pre-equilibrium effects on anisotropic flow cnc.-rm

Ratio to Free-Streaming, v=1.0
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> Interactions only suppress the anisotropic flow slightly.
> The effective free-streaming velocity reduces the anisotropic flow significantly.
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Results: pre-equilibrium effects on anisotropic flow cnc.-rm
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> Interactions only suppress the anisotropic flow slightly.
> The effective free-streaming velocity reduces the anisotropic flow significantly.
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Summary and outlook cRc.-rm

Summary

> With the McDiPPER+Free-Streaming+CLVisc+SMASH framework we reproduce the
multiplicity and the anisotropic flow, and deliver predictions for their longitudinal
structure: v94d, v, {2}(n) and the decorrelation slopes F,.

» The pre-equilibrium stage shifts the multiplicity and the radial flow, but leaves v, (n)
nearly unchanged.

Outlook

» Better initial modeling, including transverse-gradient corrections that generate initial
momentum anisotropy and shear stress. [see talks by Oscar on Thursday]
» In light ions, KeMPgST-3D is squeezed from both sides: hydrodynamization calls for a

later T,ydro and the causal circle for an earlier one, so going beyond linear response may
be helpful.
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Summary and outlook cRc.-rm

Summary

> With the McDiPPER+Free-Streaming+CLVisc+SMASH framework we reproduce the
multiplicity and the anisotropic flow, and deliver predictions for their longitudinal
structure: v94d, v, {2}(n) and the decorrelation slopes F,.

» The pre-equilibrium stage shifts the multiplicity and the radial flow, but leaves v, (n)
nearly unchanged.

Outlook

» Better initial modeling, including transverse-gradient corrections that generate initial
momentum anisotropy and shear stress. [see talks by Oscar on Thursday]

» In light ions, KeMPgST-3D is squeezed from both sides: hydrodynamization calls for a
later T,ydro and the causal circle for an earlier one, so going beyond linear response may
be helpful.

Thank you for your attention!
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Appendix



Multi-particle cumulant “‘m

Multi-particle cumulant method [Prc 64, 054901 (2001), PRC 63, 054906 (2001), PRC 83, 044913 (2011)]:

dn{2} _ (2)

v {2} = = 1
e TV W

/ dn {4} (4) —2- (2N(2)
v, {4} = — = - (2)

(ceafa)™ (20 (202~ )™

where the 2(4)-particle differential and integrated correlators are defined as

(2) = <ein(¢1—¢>2)> . (4) = <ein(¢>1+¢2—¢s—¢4)> (3)
(2) = <ein(w1—¢z)> . (W)= <€m(¢1+¢2—¢3—¢4)> (4)
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Results: multiplicity distribution cnc.-rm

250

200

IIIIIIIIIIIII

100

50

IIIIIIIIIIIII

B\E
/

| — — T T T T

W 0-1%

 10-15% 7
O 3-4% I 30-40 %

§§§QQQDD ODOQQQQ§
9090800004, 600002030

QQQOOOOOOOOoOoOOOODQ

00000000066000000000

O+0O@+/ syn=5.36 TeV

250

200

150

100

50

T T T T T

pr>0 MeV @ ATLAS

[ ]Nu] N]u]s]
][]} m]

IIIIIIIIIIII
III|IIII|III

]

!

%

Doooo oooog

IIIII

00000000gggooo0fo0on

|

IIII

Ne+Ne@+/syn=5.36 TeV

-2 0 2
n

-2 0 2
n

» Underestimate the particle production when including lower pr particles.

Jie Zhu

Appendix
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Results: pr spectra cnc.-rm
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> Flatter pr spectra compared to ATLAS data.
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Results: net-baryon distribution
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Results: pr-differential radial flow m&m
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» Larger radial flow fluctuation in O+O collisions.
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Results: prehydro effects on p; spectrum cnc.-rm

Shape ratio to Free-Streaming, vs=1.0

d?Nen/2mprdprdn [GeV-2?]
2 -
. 3

1072

I KoMPoST-3D, n/s=0%
I KoMPoST-3D, n/s=0.16
7771 Free-Streaming, v=1.0
| Frlee-Streamingl, Vis=0.6

1.2

1.0

0.8

0.6

0.4

0.2

self-normalised
O+O@\/ SNN =5.36 TeV, 0-5%

1 2
pr [GeV]

w

1 2
pr [GeV]

Jie Zhu

Appendix

Heidelberg | Sep 23, 2026

18 / 12



Thydro Choice
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