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Motivation : Separation of flow and CME
STAR Detector

CME : QCD anomaly driven chirality
iImbalance leads to current along B-field
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Time-Projection Chamber
(used for this analysis)

Goal : Search for signals of CME & suppress flow driven background
Observables :

Three particle correlator : C112 = {(cos(¢1 +d2—2¢3))

LPV correlator : et . {os((01 F gﬁ}‘ 205))) 0 {2)? = (cos(2(61 — 62))




Signal & Backgrounds of charge separation
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Signal & Backgrounds of charge separation
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Signal & Backgrounds of charge separation
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Strateqgy : look for vanishing Ay when vz is still non-zero



Analysis detalls

~ Data Set used : U+U 193 GeV (Year 2012),
Au+Au 200 GeV (Year 2011), p+Au 200 GeV (Year 2015)

— Acceptance cuts : 0<¢p<2m, Inlkl, pr>0.2 GeV/c

— Centrality : Time Projection Chamber & Zero Degree Calorimeter

Uncorrected multiplicity in Inl<0.5
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Results : Central and Ultra-central Collisions
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Results : Central and Ultra-central Collisions
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Data :
- Show vanishing charge separation for non-zero values of vz {2}
- Show linear growth with v2 {2}
- Show larger v2 {2} offset (Ay=0) for U+U than Au+Au
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() Central and Ultra-central Collisions O

0.4

03 r

0.2

0.1

Data

—&— Multiplicity binning
—&— Spectator binning

0-10%
U+U 193 GeV ¢
. %
¢é
l ‘
| | > * | |
0.01 0.02 0.03 0.04
Vo {2}

-(leB®lcos(2(Wg-W,)) ) (fm)™

B
Projected B-field T—”’»

6y 3=(0), (y) W

0<Wo<2 ¢ N ¢

<Wo<ZTT O<W 2 ”

- \J /< = e T U+U 193 GeV -
0-10 %

Chatterjee,' Tribedy,
PRC 92, 011902 (2015)

B D

s
«  Multiplicity binning = |

“ Spectator binning @

0.05 0.1 0.15
Ellipticity ¢,

Projected B-field vs €2 can provide a natural explanation to the data

10



0S_, 88y , 10

(v

() Central and Ultra-central Collisions O

Data Data & Background expectations
0.4 T ' ' 0.02 . .
—e— Multiplicity binning =— Data U+U 193 GeV
0a | —&— Spectator binning o 0.015 L =" Ay o V2/Npart 0-20% /’,'_
0-10% = Background-model
U+U 193 GeV ¢ ZS (Backg )
02t % . 0.01 F '
¢ >
o4 < 0.005 | :
0.1 | | JPE Y
l ’ ”' ----------
o< . —> ++ . Op>~<=---7-=-=--=--5==-=---
0 0.01 0.02 0.03 0.04 0 0.02 0.04
Vo {2} Vo12]

We need to see if a background model can explain data
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) Body-Tip Collisions (U+U)
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Binning in spectator asymmetry — independent from centrality binning

Provides a way to trigger even
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) Body-Tip Collisions (U+U) (D

Binning in spectator asymmetry — independent from centrality binning
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Signal & Backgrounds of charge separation
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Anatomy of three-particle correlations

Search of early time charge separation — should be long-range in Az

(All-charge) U+U 193 GeV (30-40%)
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Anatomy of three-particle correlations

Search of early time charge separation — should be long-range in Az
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Anatomy of three-particle correlations

Search of early time charge separation — should be long-range in Az
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Comparison between U+U centralities
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(cos(dq + o - 2¢3)) x Npart

Comparison between U+U centralities
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Centrality dependence of charge separation
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Short-range positive component:

_ikely HBT, Coulomb & jet-fragmentation in peripheral events
Only HBT, Coulomb in central events.

Residual component:
May still have short-range backgrounds in mid-central events
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(CoS(dq1 + dp - 263)) x Nooy

Comparison between U+U and p+Au
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(COS(dy + dp - 203)) x Npyopy

Comparison between U+U and p+Au

0.003 |

0.002 r

N\

"70-80% U+U 200 GeV

0.001

0.003 |

0.002 r

0.001 r

0.003 r

0.002 r

0.001 r

Short-range-positive

" 30-40% U+U 200 GeV

opposite-sign
same-sign

U+U 193 GeV

" 0-100% p+Au 200 GeV

0.4

0.8 1.2 1.6
Anqo

Central
A+A

Peripheral

A+A

Min-bias

P+A

(COS(d1 + dp - 243)) x Npoyy

-0.002

-0.004

-0.002

-0.004

-0.002

-0.004

Residual

30-40% U+U 193 GeV

Pt

e
669699

70-80% U+U 193 GeV

opposite-sign
same-sign

0-100% p+Au 200 GeV

0 0.4 0.8 1.2

ANy

Short-range subtracted component vanishes in p+Au

1.6

22



Comparison between U+U and p+Au

Data (short-range-positive subtracted) Projected B-field in A+A
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Data (short-range-positive subtracted)
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Data (short-range-positive subtracted)
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https://arxiv.org/find/nucl-th/1/au:+Belmont_R/0/1/0/all/0/1
https://arxiv.org/find/nucl-th/1/au:+Nagle_J/0/1/0/all/0/1

Comparison between U+U and p+Au

Data (short-range-positive subtracted) Projected B-field in A+A
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Summary

0.4

— Ultra-central U+U and Au+Au show Ay ~0, v2z0 S
o2

, Ay vs vz consistent with B-field vs €2, constrain for -
background models of charge separation 0

Short-range-positive component (Asr) subtracted

— charge separation vanishes in central & peripheral
events
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. Asr subtracted signal follow projected B-field in <
central, peripheral A+A & in p+Au

Current data helped to disentangle signal/background
In the limits of vanishing projected B-field.

Isobar collisions at RHIC will help clarify the origin of
charge separation in the regime of finite B-field.
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Comparison between U+U and p+Au

Data (short-range-positive subtracted) Projected B-field in A+A
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Outlook for Isobar collisions at RHIC

ldea is to change B-field without changing background
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Different B-field with same flow background is expected

Zr +2r Ru +Ru Au+Au T
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Signal and background of CME

Flow driven
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