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&% High energy nucleus-nucleus collisions

Micro-bangs in A+A collisions at laboratory

QGP and

hydrodynamic expansion
initial state
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chemical freeze-out

kinetic freeze-out

Physics:
1) Parton distributions in nuclei
2) Initial conditions of the collision

3) a new state of matter — Quark-Gluon Plasma and its properties

4) hadronization
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&/ Initial fluctuation and intrinsic geometry

e Initial fluctuation
e |ntrinsic geometry

e Flow in small system
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Initial geometry fluctuation

W. Broniowski et al., PRC-76-054905

Participant in
center of mass
frame after
binary collision

¥ Fluctuation, significant in small system
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Nucleon from Participant initial
nuclel A and B coordinates



a-cluster nuclear structure
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a~-cluster nuclei collide against heavy nuclel

W. Broniowski, E. R. Arriola, PRL-112-112501
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Collective flow in small system from experiments

Khachatryan V, et al. (CMS), Phys. Lett. B 765:193 (2017)
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&9 Jet “quenching” in small system
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Some recent theoretical works on collective flow In
small system
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Recently some theoretical works
propose the system scan in experiments
AMPT, SONIC, Hydro.

RIHC & LHC

Roland Katz, et al., arXiv:1907.03308v1

FIG. 3. D° meson v3{2} for PbPb, XeXe with spherical and prolate initial nuclei, ArAr, and OO collisions
at the LHC top energies in 0-10% (top) and 30-50% (bottom) centrality classes.
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AMPT model and a-cluster nuclei effect

e AMPT
e o-cluster nuclei effect on collective flow
e o-cluster nuclei effect on electromagnetic field

e o-cluster nuclei effect on HBT correlations
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AMPT

AMPT (a multi-phase transport model), Z. W. Lin, C. M. Ko, B. A. Li, S. Pal, PRC-72-064901(2005)

Structure of AMPT model with string melting

A+B
HLJING energy in (1) initial condition (HIJING);
excited strings and minijet s (2) parton cascade (ZPC),
fragment into partons

(3) hadronizition;

(4) hadronic rescattering (ART)
ZPC (Zhang's Parton Cascade)
till parton freezeout

For high energy heavy ion collisions
Quark Coalescence

ART (A Relativistic Transport model for hadrons)
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a~cluster nuclel effect on collective flow

S. Zhang, Y. G. Ma, et al., Phys. Rev. C 95, 064904 (2017); S. Zhang, Y.G. Ma et al., Eur. Phys. J. A (2018) 54
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System scan of collective flow
and o-cluster nuclel effect
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Eccentricity coefficients
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v Sensitive to fluctuation
v Also sensitive to intrinsic geometry (a-cluster structure)
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Collective flow
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Ratio of flow to eccentricity
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& 7= System dependence and of electromagnetic fields and

~
‘o By

Y o~cluster nuclei effect (l)

)

Li’enard-Wiechert potentials
Huang,(PRC) 85, 044907 (2012)
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Zn : coordinate position

Rn=r—r, : ris the position of source point

r, 1s the position of the n-th particle at the retarded time tn =t — |r — r,| and
t <t
Ve = Uy = 0, Ug = 1— (QmN/\/E)2 (the Lorentz contraction is considered)
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gfg System dependence and of electromagnetic fields and

' | |
35> o-cluster nuclei effect (ll)
Y. L. Cheng (£ Z#f), S. Zhang, Y. G. Ma, et al., Phys. Rev. C 99, 054906 (2019)
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v <Ex>: the asymmetric projectile and target nuclear collisions
produce stronger electric field than symmetrical collision
system

v -<By>: the magnetic field will be in the reverse trend
v a-cluster effect at semi-central collisions for chain structure

S. Zhang (5k#2), IMP, Fudan,



HBT correlation and a-cluster nuclei effect (l)
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HBT correlation and a-cluster nuclei effect (ll)

vSmall HBT-radius in collisions with triangle
nuclei structure
v Significant participant plane dependence
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Freeze-out properties

Dongfang Wang (£ %<7), draft preparing
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Summary

* Collective flow change smoothly with system size in most central collisions,
Woods-Saxon distribution of nucleon

e a-cluster effect significant with the baseline from Woods-Saxon distribution

* Symmetry and asymmetry collision system result in different electromagnetic
field effect

e HBT-radius sensitive to the a-cluster effect

* Freeze-out properties in system scan

 Proposal of system scan experiments, experimentally illustrate how initial
geometrical asymmetry transfer to momentum space
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Collective flow
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