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I) Isobar collisions and magnetic field effect
» Chiral Magnetic Effect (CME)

Prog.Part.Nucl.Phys. 88 (2016) 1-28
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o ?) In non-central collisions, a » The magnetic field acts on the chiral fermions
Prog.Part.Nulzl..ghl;;a;giz\é)14) 133-151 R strong magnetic field s with Us F 0 leading to an electric current
created 1 to Wgp along the magnetic field which results in a
charge separation
CME-driven charge separation leads to a ANt
dipole term in the azimuthal distribution P 1 + 2 as"sin(¢) + - ai" o« us B

of the produced charged hadrons:

Can we 1dentify & characterize this dipole moment?

The CME correlators have been used extensively for experimental measurements.



I) Isobar collisions and magnetic field effect

the ¥ correlator to measure the

» Correlators to measure dipole charge separation
S. Voloshin, PRC 70 057901 (2004)

A well-known approach is to use

dipole charge separation

Ma, Zhang
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» The correlators’ responses are similar for signal and background

108

1SS

N. Magdy, et al, PRC 97 6, 061901 (2018)
The Ry, (AS) correlation function

A. Tang, Chinese Phys. C 44 054101 (2020)
The signed balance function
method is recently used to measure
the dipole charge separation

method 1is used to measure the
dipole charge separation
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» Background can account for a part, or all of the observed charge separation signal?

Centrality (%)
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» Separating the signal from background is the main subject of the isobar collisions

— —
QGR 9%
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. S ol Background | Signal BT N. Magdy, et al. PRC 98 (2018) 6, 061902
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> g S. Voloshin, PRC 98, 054911 (2018)

J. Zhao , et al, EPJC 79 (2019) 168

» Isobar Analysis: A large, collective effort

5-Isobar Blind Analyses Case for CME:
Analyzers
» Ay,Ad and k > Ay and its derivatives
» Ay,A6 and Ay (An) Ay /va(Ru/Zr) > 1
> Ay in PP/SP and Ay (Mipy) AY112/V2(RWZr) > Ay;23/v3(Ru/Zr)
: K(RwZr) > 1
Isobar Blind ; }A?)/ Alg Pg/SP lat
Analysis (A5) Correlator. > f&ie > féE >0
God Parent Lo - Ru
Committee éo?rﬂ?liltrelg > o0 RI,[112 (Z) >1
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Tae : : STAR Collaboration
» Isobar Analysis: Expected CME background in isobar PRC 105, 014901 (2022)
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» Observed differences in multiplicity and v, for the same centrality

v Background differences between the two isobars are more complicated than previously thought
v' The predefined CME signature could be invalid
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STAR Collaboration

> Isobar Analysis: Results PRC 105, 014901 (2022)
Predefined CME signature: 1.02 + STAR /sobar blind analysis, Vsyn = 200 GeV, Ru+Ru/Zr+Zr, 20-50% .
v Ay and its derivatives P I
Ay /vo(Ru/Zr) > 1 2 ?
Ag/lli/v)z(RU./Zr)>Ay123/V3(RL1/ZI') &U 0.98 | :ﬁ: #‘ il AN _
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2 NaT 094 112 > 9 % ¢ N ‘fv, | | %
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The predefined CME signature 1s not observed
v" Not an indication for the absence of the CME in the individual signal
* Ongoing work to characterize the effects of backgrounds
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IT) New 1nsights into the collective effects

» Higher order flow harmonics are sensitive probes for 1 (T) due to their enhanced viscous response

- Beam energy dependence for a given collision system

e, {part}

- Collision system dependence at a given beam energy:

1,
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What are the respective roles of €, and its fluctuations and correlations,

; v" Initial-state spatial anisotropy is
approximately beam energy independent.

Cu + Au

1 v Viscous attenuation (« g (T)) is beam
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» Beam energy dependence for a given collision system:

STAR Collaboratlon a1X1v 2201 10365

@) Au+Au - (©) (@) Pb+Pb 2.76 TeV
008 k=2 + N
z g
0'04f @ 200 GeV & 196GeV m | @ N
| & 544GeV © 115GeV @ | B o
| 39.0 GeV &
ol 270 GeV < 1
07204060 0 20 40 60 0 20 40 60 R R TR R
Centrality (%) Centrality (%)
s @ wmre sl fe |
L Au+Au 39 GeV & |
. AutAu2l GeV & 1 &y Qfmmememmmssnmnssnnnssenn e g Beee
» The flow harmonics depend on beam energy. g 4 e e L9 L ges g8 07 .
.. . Q‘ ] A [ 200 GeV HEH 1
v’ Sensitive to the viscous effects (N, (p7), g, ..)) if %%@ € ¢ ¢ g 2 i 1 Zoaf 54 Gev. reu]
L ] L 27 GeV Haet ]
oF : :
STAR Preliminary 04r STAR Preliminary
LA oo e R i ——t— : et : L
(b) 4@ E
» The dimensionless parameters show similar values 2r
and trends for different beam energies. g o8 g g 13
v’ Sensitive to the €, and its fluctuations and correlations 045 @é é §
)
0T 060

Centrality %




IT) New 1nsights into the collective effects

» Beam energy dependence for a given collision system:

> v3, [pr] correlations
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» Beam energy dependence for a given collision system:

Var(vs) gy, decreases with beam-energy
C) decreases with beam-energy
cov(v3, [pr]) decreases with beam-energy

v' Sensitive to the viscous effects (N, (p7), g, .2)

The Pearson correlation, p(v3, [pr]), shows no
significant energy dependence within the systematic
uncertainties
v’ Sensitive to the €,, and its fluctuations and
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» Collision system dependence at a glven beam energy

STAR Collaboration, arXiv:2201.10365
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IIT) New 1nsights into the nuclear shape and structure
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IIT) New 1nsights into the nuclear shape and structure

> The rich structure of atomic nuclei

* Collective phenomena can reflect:
v Clustering, halo, skin, bubble...
v’ Quadrupole/octupole/hexdecopole deformations
v Nontrivial evaluation with N and Z.

High energy:
Linear response in each event?
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» Probing nuclear deformation in heavy-ion collisions
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» Probing nuclear deformation in heavy-ion collisions
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Ru 0.162 0 0.46 5.09
Zr 0.06 0.20 0.52 5.02




IIT) New 1nsights into the nuclear shape and structure

» Probing neutron skin thickness and symmetry energy in isobar collisions
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» Probing neutron skin thickness and symmetry energy in isobar collisions
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The multiplicity and (pr) differences can probe neutron skin and symmetry energy
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