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Introduction: Elliptic flow
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[1+ Xnz12v,cos(n(p — Pg))]

= (cos(n(p — ¥p)))

» Sensitive to early times in the evolution of the system

» Sensitive to the equation of state
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Motivation

Isobar
collisions

» Study of elliptic flow in isobar collisions

:.? e Extra

Neutron
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may help in understanding the

deformation of the colliding nuclei

o1.  STAR Isobarblind analysis |
o . ; - B VsnN = 200 GeV
> Elliptic flow of strange and multi-strange oz %zZrio %Ru™ ®Ru™r 0081 g
® ® ® ® o 2 9
: . W 606 - * o
hadrons, having lower hadronic cross- 1.10 g ?
X —=%Ru (8 = 0.15), Y="Zr (3 = 0.06) L—& 0.04 - ®
section, gives direct information on initial 1.08f = 1 X="0m (6=034), Y="Gd (5= 031) > ool FUMTPC(ngpi<) @ Rusku P
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( ) - 1 ;<|— o 1.02 | Ratio(20-50%) = 1.0144 + 0.0001 + 0.0008 E.Ji
\Y4 = e &
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> System size dependence of the azimuthal = | R >
: @
anisotropy by comparing isobars, Cu+Cu, | | o%9pC . .
0'980 10 20 30 80 70 60 50 40 30 20 10 O
Au+Au and U+U centrality (%) Centrality (%)
G. Giacalone, J. Jia, and V. Soma, M. S. Abdallah et al. (STAR Collaboration),
Phys. Rev. C 104, 1.041903 (2021) Phys. Rev. C 105, 14901 (2022)
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STAR experiment
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Uniform acceptance at mid-rapdity I

Time Projection Chamber (TPC): Full azimuthal coverage, [n| < 1.0 » 0.0 4
Excellent particle identification ' 02 03 1 > 3

n/K/p identified with dE/dx and Time of Flight (ToF), Secondary vertex reconstruction momentum (GeV/c) momentum (GeV/c)

Dataset: Ru+Ru and Zr+Zr collisions at Vsyy = 200 GeV (2018)
« Systematic uncertainty sources: Event and track selections, Topological selection, Functional

fitting for yield extraction
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Event plane method

» Azimuthal angle of event plane is defined as :

Z- W sin(Zq)) L | | | | | | | | |
l[JZ — [tan"l (le wii cos(zq)ii)) ] /2 E I'Syn = 200 GeV n-sub event plane, TPC;
0.5 ¥, (0.05<Inl <1.0)
— ' ' -
S :
» Event plane has been calculated in two different pseudo- S 041y -
= I o
rapidity windows ‘a’ (-1.0 <n <-0.05)and ‘b’ (0.05<n<1.0) § -
CQC) 03[ . —
> The event plane resolution using n-sub event approach : 0_2:_ - S‘HZR“ ’ -
- ° r+4r .
R = \/<COS Z(qua - LIJZb)) : P I TR T T IS TS I S ST S ' :
O 5 10 20 30 40 50 60 70 80 90

Centrality (%)

» Resolution correction is applied to obtain the final v,
*Statistical error within marker size

A.M. Poskanzer & S. A. Voloshin, Phys. Rev. C 58,1671 (1998)
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Particle reconstruction
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> K&, ¢, \, and = have been reconstructed using invariant mass method; topological cuts using Helix method

» Background reconstruction using event-mixing method for ¢-mesons and rotational method for K, A, and =
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Flow analysis method
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Event plane method:
> Particle raw-yield as a function of ¢ - ¥, is fitted with a Fourier fit function for different pt ranges to extract v,

coefficients
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Results: Elliptic flow
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*Vertical bars indicate statistical error and shaded boxes denote systematic errors

» V, shows a mass ordering at low prin isobar collisions

» Baryon-meson splitting at intermediate pt region ( > 2 GeV/c)

» V, values have similar pr dependence in minimum bias Ru+Ru and Zr+Zr collisions
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Centrality dependence of v,(p)
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*Vertical bars indicate statistical error and shaded boxes denote systematic errors

> Strong centrality dependence is observed for v, of KL, A, and A, in both Ru+Ru and Zr+Zr collisions
» Vo (p7) increases from central to peripheral collisions
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Centrality dependence of v,(p)
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> Strong centrality dependence is observed for v, of ¢, =-, and =* in both Ru+Ru and Zr+Zr collisions

» Vo (p1) increases from central to peripheral collisions
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NCQ scaling
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n, = Number of constituent quarks, 3 for baryons and 2 for mesons ; Transverse kinetic energy (KE7) = my—my

» NCQ scaling of v, holds good within 10% uncertainties in both Ru+Ru and Zr+Zr collisions at Vsyy = 200 GeV

—> Indicative of partonic collectivity in the system

*Vertical bars indicate statistical error and shaded boxes denote systematic errors
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Vv, Vs centrality
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*Error in the ratio includes statistical and systematic uncertainties
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B. 1. Abelev et al. (STAR Collaboration), Phys. Rev. C 77, 054901 (2008)
B. 1. Abelev et al. (STAR Collaboration), Phys. Rev. C 81, 044902 (2010)
be unity within current uncertainties
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n: number of quarks; a, b, ¢, d: free parameters

Fitting function :  fuv, (1) dn

> Vv, of ¢ and = is similar in the measured pr range for different collision systems within uncertainties
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Summary

> Elliptic flow of K, A, A, ¢, and = has been measured using event plane method for Ru+Ru and Zr+Zr collisions at
Vsyn = 200 GeV

» Strong centrality dependence of v, for all particles has been observed

» NCQ scaling holds good within 10% uncertainties for all particles in all centralities for the isobar collisions

> Elliptic flow ratio for Ru+Ru over Zr+Zr seems to show a deviation of nearly 2% in central and mid-central collisions
- Maybe related to nuclear shape and structure difference between the two isobars

» V, of strange hadrons in isobar collisions
» At high pt: Smaller compared to Au+Au and U+U collisions, and larger compared to Cu+Cu collisions

> At low p: Similar for all collision systems studied
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Thank you for your attention!
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System size dependence (strangeness)

0.

0.2k

—

(@)K lyl<1.0 0-80% I (b)A s, =200Gev ) A I
| & Cu+Cu(0-60%) : :;:’J:’ZF:” } + } + :

# U+U, 193 GeV 1 % AusAu T ’[’ ’[‘ 1 L ’l'J' |
| TIRRE AN T
: g;:%o 13 ii‘H* I $petyt ]
| R + + + 4 ok ~+ okas -
— * T ot ot ]
- 00 T Q * A+A (Au+Au) T o] .
I STAR Preliminary 1 1 & MV ST | ¢°

# + A+A (U+
o STAR Preiminay | N R T ;
pof 2 8 40 ‘12 9 % 028 A
p, (GeV/c)

> v, of KO, A\, and A in isobar collisions is smaller than in 197Au+197Au and 238U+238U collisions at higher pt

> V, in isobar collisions is larger as compared to 63Cu+63Cu collisions at higher p+
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Vv, Vs centrality
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*Vertical bars indicate statistical error and shaded box denote systematic errors

*Error in the ratio includes statistical and systematic uncertainties

> pr-integrated elliptic flow increases from central to peripheral collisions

> Ratio of v, between Ru+Ru and Zr+Zr collisions at Vsyy = 200 GeV for charged hadrons are comparable

within the current uncertainties
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