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Longitudinal dynamics in heavy-ion collisions

» Anisotropic flow » Longitudinal evolution

Wg
3D-Glasma n

dN

o 1+22vncos(¢ Yn)

v, elliptic flow

v3: triangular flow

From Wei Li

The difference between forward and backward event planes probes longitudinal fluctuation

2022/04/07 Gaoguo Yan, Quark Matter 2022, Apr. 4th-10th 2022, Krakow 2



Flow decorrelation observables

» The ratio, 1;,, is constructed as measurement of flow decorrelation

(Vn(_n )Vn*(nref)) . (vn(_n)vn(nref) cos{ n[W¥,(—m) — an(nref)]»

(M) =

WV (rer))  (Pa)Vn(rep) cos{n[¥r (M) — Pr(rep)]})
CMS Collaboration
» The 1,() measures relative fluctuation between V,,(—m ) and V(1) Phys. Rev. C 92 (2015) 034911
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» Energy dependence

Previous results at the LHC

ATLAS Collaboration
Eur. Phys. J. C78 (2018) 2, 142

» System size dependence

ATLAS Collaboration
Phys. Rev. Lett. 126 (2021) 122301

2 pTTOT (EELEES P BRI LT
= PN L R R R R B ~ prT— T T T T
X jATLAS - E [ centrality : 20-30% ATLAS E | centrality : 20-30% ATLAS
‘"_u...a ................................. - — 1:5 - &1:&
i B ] - v S
g B § o n : 2 ]
=| 6: 0.98[ . e ® ] 0.95F R, .
[ ° L 0O o ]
L - = 0.96 O.5<pT<3.0 GeV o - 09-_ 0_5<pT<3.0 GeV o PY R
0.95} . - ©a | [ : 1 I : - :
Pb+Pb 20-30% [ Pb+Pb 20-30% - [ @Xe+Xe Yy =544 TeV, 3ub [ ®Xe+Xe (s =544TeV, 3ub" @ ]
: [B] 2.76 Tev 0 85:— [B] 2.76 Tev 9 g 1 0.94 " 0 Pb+Pb Y5y, = 5.02 TeV, 22ub” 0.85 [ OIPb+Pb Y5y = 5.02 TeV, 22ub” .
.5.02TeV 55.02TeV 1 0I5-I|1I5é 0|51|1I5é
PRI N U U T U NN T T U U T U TN U T T TN [ I T | IR U A N A A A A n T]
g 5 1 15 2 g @5 1 15 2
n n
What about at RHIC ?
Energy dependence: Beam Energy Scan
System size dependence: various collisions species
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The STAR detector and datasets

TPC & iTPC » Time Projection Chamber

B Full azimuthal coverage
B TPC || < 1.0
B iTPC |n| < 1.5

> Event Plane Detector
B Event plane reconstruction

B 21<|n| <51

> Data
B Zr+Zr & Ru+Ru collisions at 200 GeV

B Au+Au collisions at 54.4 GeV

B Au+Au collisions at 19.6 GeV
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r, in Zr+Zr/Ru+Ru collisions
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No obvious difference between Zr+Zr and Ru+Ru within uncertainties

(VZ (—Tl )V; (nref))
(VoM )V (Mrer))

r,(m) =
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r, in Zr+Zr/Ru+Ru collisions
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No obvious difference between Zr+Zr and Ru+Ru within uncertainties

Decorrelation is weakest in mid-central collisions (Vo (—11)V5 (Myer))
r —
2(0) = S VE (ee))
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ry in Zr+Zr/Ru+Ru collisions
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No obvious difference between Zr+Zr and Ru+Ru within uncertainties

The third order is 2-3 times stronger than second order
(V3(— V3 (Mref))

<V3 (T] )V:;k (ﬂref))
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ry in Zr+Zr/Ru+Ru collisions
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No obvious difference between Zr+Zr and Ru+Ru within uncertainties

Third order is 2-3 times stronger than second order

. ) ra () = (V3(—1 ) V3 (Mrer))
Indication of centrality dependence 3 (Vs (V2 (Mrep)
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r, in Au+Au collisions at 54.4 GeV
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Energy dependence of r,

? N 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ? N 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ? N 1 1 1 1 I 1 1 1 1 I 1 1 1 1
= [ STAR Preliminary ~, STAR Preliminary - [ STAR Preliminary 1
- 1 0-10% - 1 10-40% - I 40-80%
B W g T TR EEEEE T _'*' L o m
i N al B =, [
] " 0 - ! !
B . B . . B
0.95| - - 0.95(- O - 0.95| + -
i ] i - i
_ Ll _
0.9 Au+Au [l * 5 0.9 5 0.9 + 7
[ W vSNN =54.4 GeV * ] [ HW 25< n_ < 4.0 ] [ ]
0.85_— § 0.85_— § 0.85_— §
[ m |s, =19.6 GeV ] [ W 21<h |<5.1
[ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 [ 1 1 1 1 1 1 1 1 | 1 1 1 1 | I | L1 1 ' L1 1
0 0.5 1 1.5 0 0.5 1 1.5 0 0.5 1 1.5
M M M

Lower energy has larger decorrelation because it becomes less boost-invariant
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Energy dependence of r,
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Lower energy has larger decorrelation because it becomes less boost-invariant

No obvious difference between 27 GeV and 19 GeV because of their small different energy
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Energy dependence of r,
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There is energy dependence between 54 GeV and 27 GeV because lower energy becomes less boost-invariant
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Energy dependence of r,

STAR Preliminary

[ + STAR Preliminary
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Transverse fluctuation

» shape —» anisotropic flow

Var(vrzl)dyn — Vﬁ{Z} - Vﬁ{ll-}

0.08

Pb+Pb, /s = 5.02 TeV

0.06f Vn X én

S 0.04t

0.02f

008 9 0.1 0.2 0.3
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Transverse fluctuation

» shape — anisotropic flow » size —p radial flow
Var(vad)ayn = va{2} — va{4} Cx = ((Pr—([pr (r,j—{[pr]N)
0.08 [pr] related to —

Pb+Pb, /s = 5.02 TeV

0.06f Vn X én
S 0.04} (
0.02} :

From Arabinda Behera

0.085 0.1 0.2 0.3
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Transverse fluctuation

» shape — anisotropic flow » size —p radial flow

Var(v2)agn = vi{2} — vi{4} Cx = ((Pri—{[pr]) (Pr,;—([pr]))

0.08 [pr] related to —
' Pb+Pb, /s = 5.02 TeV

0.06f Vn X én
S 0.04} '
0.02} :

From Arabinda Behera

0990 0.1 0.2 0.3 _ 5
€2 correlation between v§ and average pt

cov(vd, [pr]) = (") oy~ ([pr]))

Pearson coefficient :

correlation between
ﬁ

initial state shape and size
cov(vi [pr])

2 —
P. Bozek, Phys. Rev. C 93 (2016) 4, 044908 p(vs, [prD = =
G. Giacalone, B.Schenke, C.Shen, Phys. Rev. Lett. 128 (2022) 4, 042301 \/Var(vn)dyn Cir
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v% — [pr] correlations
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v% — [pr] correlations
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v% — [pr] correlations
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v% — [pr] correlations
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cov(v7[prl)

Var(v3) dyn Ctic)

Pearson coefficient is sensitive to initial state

IP-Glasma overestimates p(v3, [pr])

TRENTO overestimates p(v%, [pr]) in central collisions

B.Schenke, C.Shen, and P.Tribedy,
Phys. Rev. C 99 (2019) 4, 044908
P. Alba, et al.,

Phys. Rev. C 98 (2018) 3, 034909
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v% — [pr] correlations
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IP-Glasma + Hydro shows a good agreement with Var(v%)dyn

IP-Glasma + Hydro shows an agreement with C; and cov(v3, [pr])
Gaoguo Yan, Quark Matter 2022, Apr. 4th-10th 2022, Krakow

22



2022/04/07

Beam energy dependence from 19.6 - 200 GeV
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The Pearson coefficient, p(v%, [pr]), shows some hint of beam energy dependence
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Beam energy dependence
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Summary

Longitudinal flow decorrelation and v — pr correlations measurements provide new

constraints on initial conditions

* Longitudinal flow decorrelation:

e Pearson coefficient:
ro/3 shows centrality dependence p(v3, [pr]) shows hint of energy dependence
ry/3 shows energy dependence p(v3, [pr]) shows weak energy dependence
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Resolution at Zr+Zr/Ru+Ru at 200GeV
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EPD shows consistent results for second and third order event plane resolutions
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