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Search for the Turn-off of QGP

Three Goals:

300

1. Search for the turn-off of QGP

signatures;

2. Search for first-order phase transition.
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3. Search for the evidence of critical

fluctuations in the vicinity of Critical
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QCD Vacuum Transition

QCD vacuum state

transition:
1. Nonzero topological
charge

instanton ¢

2. Chirality imbalance
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Chiral Magnetic Effect
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> Finite chiral charge
density induces an elec
trical current along the B
field direction, which
finally leads to electric
charge separation along B
field.

D. E. Kharzeev, L. D. MclLerran, and H. J. Warringa, Nuclear Physics A 803 (2008)227




Observable Y correlator
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A direct measurement of the P-odd > B
quantity “a” should yield zero.
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S. Voloshin, PRC 70 (2004) 057901
Directed flow: expected to be
the same for SS and OS

background effects:
largely cancel out




Solenoidal Tracker At RHIC




Partlcle Identlflcatlon@STAR
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Event Plane Determination
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> We use the large anisotropic particle
flow in heavy ion collisions to estimate
the event plane orientation.




Electric Charge Separation
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Modulated Sign Correlator(MSC)
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Phys. Rev. C 88 (2013) 64911

> Signal is robust after removing
HBT+Coulomb effects

> v weighs different azimuthal
regions of charge separation
differently

> Modify y such that all azimuthal
regions are weighted identically
> v is reduced to modulated sign
correlator (msc)

> the charge separation signal is
robust with msc



CME BES
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CME: Flow Related Background
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A. Bzdak, V. Koch and J. Liao, Lect. Notes Phys. 871 (2013)503

v = (cos(@y + ¢g — 2Ugp)) = ko — H
0 = (cos(dr— o)) =F+H,

STAR, Phys. Rev. Lett 113 (2014) 052302

> Against CME expectation, 608 is above

688

> indicate overwhelming background larger
than any possible CME effect.

> try to combine information from y and & to
retrieve the CME contribution, H




CME Contribution(H correlator)
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> K could deviate from 1 due to a finite
detector acceptance and theoretical
uncertainties

> the CME signal decreases to zero in the
interval between 19.6 and 7.7 GeV

> probable domination of hadronic
interactions over partonic ones

> need better theoretical estimate of k and
better statistics
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STAR, Phys. Rev. Lett 113 (2014) 052302




Chiral Magnetic Wave
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CSE + CME == Chiral Magnetic Wave:
e collective excitation

X (doines ¥, e signature of chiral symmetry restoration




CMW.Observable

Y. Burnier, D. E. Kharzeev, J. Liao and H-U Yee, Phys. Rev. Lett. 107 (2011)052303
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> v, should have a positive slope as a function of A |
> gt v, should have a negative slope with the same magnitude




CMW.Measurement
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CMW Slope

[ Au+Au 200 GeV STAR Prelimina > Similar trends between data

and theoretical calculations
with CMW.

> UrQMD and AMPT can not
reproduce the slopes.
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CMW.BES
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CMW.Kaon
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> We observed weaker CMW effect on kaons, which is consistent

with theoretical exiectation.

Y. Burnier, D. E. Kharzeev, J. Liao, and H. Yee, PRL 107

052303




Chiral Vortical Effect

(cos(@, + Op — 2WRp))

[Chirality Imbalance(p, ) J [Chirality Imbalance(p, ) J > A—P correlation
measurement can be used
to search for the Chiral
Vortical Effect

Magnetic Field(o p ) Fluid Vorticity(o p,)

Electric Charge Separation(j ) Baryon Number Separation(j,)

D. Kharzeev, D. T. Son, PRL 106 (2011) 062301




CVE: A-p Correlation
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> A-p(A-antip) and antiA-antip(antiA-p)(same baryon number / oppo baryon number)
show similar behaviors and their results are compared;

> “same B” is systematically lower than “oppo B” in the mid-central and peripheral
collisions.



CVE: A-h Correlation
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> Replace proton
with charged
hadron.

> As expected,
difference between
“same baryon
number” and “oppo
baryon number” is
consistent with
ZERO.



CVE: Ks-p Correlation
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> Replace Lambda with KsO(no baryon charge). As CVE predicted, no
significant separation signal observed.



Chiral Vortical Effect
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Summary

Chiral Magnetic Effect:
- Electric Charge Separation w.r.t EP is observed through three point correlator
measurement;
- Signal is robust after eliminating HBT and Coulomb effect;
- Signal is robust with modulated sign correlator(msc);
- BES shows charge separation exists down to 19.6GeV;
Chiral Magnetic Wave:
- Charge asymmetry dependence of pion v, has been observed;
- UrQMD and AMPT cannot reproduce centrality dependence of v, slope;
- BES shows robust v, slope trend down to 19.6GeV;
- Weaker CMW effect is observed in Kaon measurement as expected;
Chiral Vortical Effect:
- Baryon-charge separation across event plane is observed in A-p correlation measurement
from 39GeV and 200GeV AuAu collisions.



Outlook: CME and CVE Manifestation in Correlation Hierarchy
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measured and shown today.
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= (almost done) hoping to see such a CME
4 and CVE effects hierarchical
> structure.
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HBT

and Coulomb
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> Short-range
correlations
exist

> probably due
to HBT +
Coulomb




