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Longitudinal dynamics of in heavy-ion collisions
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Longitudinal fluctuation can provide full space-time evolution of QGP.



Flow decorrelation observable
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A large n gap is imposed to avoid short-range correlations.
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Factorization ratio, ry, is constructed as a measure of the flow decorrelation

rn(n) = (Vn(—n)Vn (Mret)) CMS, Phys. Rev. C 92 (2015) 034911
(Vi ( M)V (Mret)) J. Jia, P. Huo, G. Ma and MWN, J. Phys. G: Nucl. Part.
 (0n (=) Vn (Mrer) €08 N( T (=1) = U (ref))) Phys. 44 (2017) 075106
(vn( n)vn(nref) COS’rL(\Ifn( 77) — \Pn(nref)))

[f no decorrelation, r, (1) = 1;
The deviation of r, () away from 1 will direct quantify flow decorrelation.
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Current results on longitudinal dynamics

ATLAS, Eur. Phys. J. C (2018) 78:142
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® r,is well measured at LHC and RHIC.
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® 1, Is insensitive to shear viscosity

® Crucial observable for 2+1 D — 3+1 D hydro.



Connecting initial state to final state: geometry response
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Connecting initial state to final state: geometry response
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Nuclear Structure G N
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Nuclear structures are important for heavy-ion initial state and final state evolution.



Nuclear structure studies with the unique isobar collisions

® Same system size (same mass number A)

=1 B =, > 1T e C.Zhang and J. Jia, Phys. Rev. Lett.
i S 2 ol 128, 022301 (2022)

AMPT with Woods-Saxon form of spatial distribution of nucleons
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Nuclear structure — Longitudinal dynamic



v2 decorrelation in isobar within AMPT
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® r2(n) is consistent in 0-10% for Ru+Ru and Zr+Zr.
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® Slight deviation in 10-40%, especially at large rapidity range.



v3 decorrelation in isobar within AMPT

S 1 S HE T B
o B . 0-10% 1= [ 10-40% -
: : . :

0.9 L 4 09k C _

: = : : B :

: B : : = :

: = : :

0.7F - 0.7 - -

- WAMPT Zr+Zr 200 GeV ; - 21<n |<5.1 m ;

0.6 BAMPT Ru+Ru 200 GeV 7 0.6 0.4 GeV < pT < 4 GeV -

R TR T RN TR AN SRR TR SR SR N S SN SR N i R TR T RN TR NN T TR SR TN A SR SR SR SR i

0 0.5 1 1.5 0 0.5 1 1.5

i M

® r3(n) is consistent in 10-40% for Ru+Ru and Zr+Zr.
® Slight deviation in 0-10%, especially at large rapidity range.
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AMPT vs. STAR results
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Isobar ratio of ry,
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® No clear difference in 0-10%
® 1% difference in 10-40% due to the presence of

large f; in Zr.

® Up to 4% difference in 0-10%.

larger average geometry less fluctuation less decorrelation
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Summary

® Significant deviation from unit is observed for the isobar ratio of r, in the presence of
deformation, especially for rs.

® Longitudinal flow decorrelation can provide new constrains on the nuclear structure study in
heavy-ion collisions.
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