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Chiral and Spin Effects in HIC
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Chiral Magnetic Effect in HIC

Chiral kinetic equation: (14 shB-Q)n-9°f
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How to measure Chiral Magnetic Effect?
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*STAR data on y are consistent with v = (cos(¢a + ¢ — 2¥rp)) = Most Gentral
the CME expectation => dipole charge =

= [(avns ~ [(@aaz) +Bous)
separation.

Non-flow/non-parity effects:
largely cancel out

P-even quantity:
Directed flow: vanishes sensitive to CME
if measured in a symmetric rapidity range
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Can CME signal survive from final state interactions?
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eThe lifetime of B field 1s short. -The CME 1s an 1nitial effect.
eFinal state interaction effects on the CME could be important.
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(I) The AMPT model with CME

AYB 1 Ma, B. Zhang, PLB 700 (2011) 39

HLJING energy in nucleon

excited strings and minijet partons spectators

fragment into partons

I
ZPC (Zhang's Parton Cascade)

f%):(N+upward'N+downward)/ (N+upward+N+downward)

®We include 1nitial dipole charge separation mechanism into AMPT model.

®We focus on final state effects on the charge separation, including parton cascade,
hadronization, resonance decays after B and E vanish quickly.
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The Background from original AMPT
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Final state interaction effects on the CME
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CME vs Background
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eSmall systems results on CME=>A small CME signal with
large backgrounds 1n large systems?
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(I1I) CME 1n isobar exp.
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Gas
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ZgRu + ZgRu 204r + 40Lr
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Different proton number — Different magnetic field
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Geometry Configuration of Isobaric Collisions

Woods-Saxon form of spatial distribution of nucleons:

p(r.8) = po/ (1 + exp((r — Ry — B2RoY2(6)) /a))

Ru96 5.13 0.46 0.13

Zro6 5.06 0.46 0.06

Ru96 5.13 0.46 0.03

Zro6 5.06 0.46 0.18 0.00

Z(QRU QZI‘)
Relative ratio (RR): Rq = QRiT Q7"
2(0.13—0.06 2(0.03-0.18

e.g.forcase 1, Rg, = 213+006) = 0.33; for case 2, Rg, = %03+0 18) = —1.43

Q can represent |B|, cos2(Wg — W¥,), B%cos2(Wg — ¥,), cos2(Wg — W5Y) and B?cos2(Wg — W5F).
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Spatial Distributions of Electromagnetic Fields

From Lienard-Wiechert potential:
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Calculation Method of W, & W,SP

In model,
1 r2sin(20,
yt Uy = —[arctan< pSin(20p)) + 7]
3 s 26,)

Y, is participant plane which is constructed by initial
geometry of partons.

N

. 1 rssin(20s
wir = —arctan< (205))
2 (r2cos(2¢s))

Va

VAN )

LPEP is spectator plane which is constructed by
spectator neutrons from one projectile.

In experiment, ¥, is the 2nd-harmonic event plane measured by the TPC, and ‘IJZSP is assessed by spectator
neutrons measured by ZDC.
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> For case 1, RR of BZ2cos2(Wg — W,) and B%cos2(Wg — W5F) are similar.
> For case 2, RR of W, is larger than RR of W5F.

> W>P is expected to reflect much cleaner information about the CME signal.

Xin-Li Zhao, Guo-Liang Ma, Yu-Gang Ma, Phys. Rev. C 99, 034903 (2019)
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Summary

Chiral Magnetic Effect:

e Final state interactions significantly reduce the CME signal. The final CME
observable 1s dominated by backgrounds.

®The CME signal difference between isobaric collisions can survive from final
state interactions, which could be observed with enough statistics.
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Thanks for your attention!
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Back up

Y
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AMPT results on the CME obs. y=<cos(@«+@p)>

03 10° G.-L. Ma, B. Zhang, PLB 700 (2011) 39
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® Original AMPT (0%) underestimates exp. data, ~2/3.
® 1 0% 1nitial charge separation can describe same-charge data.
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CME effect in isobar collisions
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e If w/o CME(solid symbol), the signals are almost same between Ru+Ru and

Zr+7r from the regular AMPT model.

e If with CME (open symbol), the magnitudes of signals increase, the
difference between Ru+Ru and Zr+Zr appears ~10%.
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Final interaction effect in isobar collisions
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e Final state interactions reduce imported charge separations.
e The relative ratio of charge separation percentage 1s kept, same as <B,> ratio.
® Ones could observe the CME signal difference even after strong final state
interactions, 1f with enough statistics.
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From CKE to BTE

LorB Chiral kinetic equation:
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Boltzmann Transport equation: %o Most Central
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