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Strongest B-field in the Universe & Chiral Magnetic Effect

Massless quarks anrks
: aligned

. . randomly oriented
Collisions of two Strong magnetic field > along B

heavy ions create
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Au + Au & U+U
@ Higher Energy




Charge Dependent Correlator & Event Plane

B-field
direction
(unknown)

Y sp
Y pp

arged tracks
measured)

ngl_

Reaction-pla
(measured)

.~ RPPP,SP...
Yo = €OS (¢a + g — 2“1))/

AY = Yopposite — Vsame Ay = AyBC¢ + Ay CME
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e TPC l'IJEP > Proxy of l'IJPP

 ZDCWY¥; > proxy of Wrp

Ay w.r.to TPC Wgp and ZDC ¥, contain different
fractions of CME and Bkg.

_______________________________________

i V(LPTPC) —'A)’ G(‘PTPC)'+ AVCME(LPTPC) @

Ay (Wzpo)] =18y "6 (Wapc) Ay M (Wzpc). @
EAVBGGPTPC): 'UZ(lPTPC) ©)
BYPO(Pyn0) 12 (Panc) |
'AVCME (WTPC). ub_z_(‘i’-z;)_c_)_ @

Ay SE (¥no): | va(Prec)
A CME W, R
f.0(CME) = Y77 (Prpc) ® Ll xoown
A]/(l'prc) L__: Unknown




Ay w.r.to different planes @ High Energy

o >
=11\ (o150 Au+Au and U+U collisions | < Au+Au and U+U collisions
AutAu: *TPCy, <=ZDCwy, 0.002 AutAu; *TPCwy, =ZDCy, Ay(qJTPC) = A)/BG (LPTpC) + A}/CME (qJTpc) @
0.1 U+l *TPCy, ©“ZDCy, U+l *TPCy, ©ZDCy,
' STAR preliminary
i i L Ay (Wzpc) = Ay (Wzpe) + AyME(Wzpe) @
" STAR preliminary ill:# I
o O O o M AN A o M - Ay®¢ (¥rpc) _ v2(Wrpc) > 1 ©)
ht p :0.2-2.0 GeV/ic  TPC sub-event ht p :0.2-2.0 GeV/c  TPC sub-event AyBG(Wyne)  v2(Yzpe)
. — S Ay “ME (Prpe) _ va(Wanc) <1 @
'] . w -
> Au+Au and U+U collisions Au+Au and U+U collisions (20-50%) Ay“ME(Wzpc)  v2(Yrec)
E 1.5} e AbAL e Ul STAR prelimitlary
. a ——i ] combined A CME .
E STAR preliminary | v2012U+U fon(CME) =2 (Yrpc) ®
2 | Ay (Wrec)
N ————t " | ——e— Y2016 Au+Au
] / h I —e— Y2014 Au+Au
@
0.5
———e——— Y2011 Au+Au . . .
. i * CME fractions are extracted with Ay using Wpp and
ht p.:0.2-2.0 GeV/c  TPC sub-event h p.:0.2-2.0 G%V/c TPC sub-event _ , :
g — — 2 T | \ | | WYrp in U+U and Au+Au: the combined result is
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Au + Au @ Lower Energy




Motivation: Vs dependence & BES-| data

The STAR collaboration has measured charge separation over a wide range of collision energies

* same charge
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Interesting observation: charge separation disappears at lower energies
We revisit the 27 GeV analysis with new capabillities & high statistics data




STAR capability for CME search at low energies

Event Plane Detector Event Plane Detector

(-5 1<£]Ej-§[)1) %s‘\\‘?“ Jamitry/edisplaV (West)
(0<¢ <2m) g = 7 (2.1<n<5.1)
(0<d <2n)
The cartoon above shows that the inner region of
Time EPD detects spectator protons, whose directed
Projection flow signal has an opposite direction compared to
Chamber the outer sectors that are dominated by the
(-1<n<1) (0<dp <271) participants.
. B * We use two planes from EPD as proxy for Wgp
Va'ﬁ = (COS ((l)g + ¢, — 2¢RP)> « Wi(n> Ybeam): 15t-order event plane enriched with

spectator protons

* W2 (n < Ybeam): 2"-order event plane for particles going in
forward direction

We measure charge-dependent azimuthal correlator using TPC and EPD




Lower Energy Study with new installed EPD

We measure the elliptic flow and the charge separation, using y
correlator (Ay=y(0S)-y(SS)), w.rto TPC-EPD-inner first harmonic
planes and the TPC-EPD-outer second harmonic plane.

Yap = €OS (d)a + ch — Z‘P)

A]/ - A)/BG + AVCME 1 Il STAR Preliminary
If A)/BG= b v, ) 08 | H Au+Au 27 GeV
A - { RP, PP, SP... £ 06! m ' " %
mmp (A7) (cos(e+ B —20A) 3 |
027 ‘H ® Avq1,11V2,11 (N>Ypeqm)
Under the background scenario, all these ratios ol ® Avyq oV (MI<Ypeam)
equal one to another. If two different R N
measurements yield different ratios, this would o 7 ! |
indicate the CME signal. T o.; L + + (] + l ]
06 | | | | | f
In a short word, under the background scenario, 0 50 100 150 200 250 300 350 400

N

we should have: t
udhave: - e © @
— (LPA)= — (LPB)= — (lluc)=
V2 V2 V2 The ratio of Ay/v, between spectator proton rich EPD W, plane

and participant dominated W, plane is presented — CME driven

Where the ¥, ¥g, W,... are different planes _ _ ; _
correlations will make this ratio >1.
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Isobar Blind Analysis

Ground state properties

Ground state properties

https://people.physics.anu.edu.au/~ecs103/chart/
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Why isobar?

A)/ = AVCME + A)/BG —>:0$ . - ;i; VL o e
° ega 634;;? ¢ __039 ﬁgﬂ%}a
Proton N o/ P %
——c : o ig” ) ﬂﬂ & =§=’
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962r40+ 962r40+ geRu QBRU
Ay = Ay“MF + k 2 + AV”{flow ® @

Measurement Background 2
Background 1

A Ru+Ru _ A CME + k _|_ Aynon-— flow
14 14 N )4
F 9 N u |

Signal
Aer+Zr A)/CME -I-k +Aynon flow

Is there a way to “see”the signal part “only”?

https://people.physics.anu.edu.au/~ecs103/chart/

B-field are \ Within 4%
AVA+A AVCME + k N + Aynon e g 15__:.“‘"-.,_proieotion: isobaric collisions *° % 10-18% different
| 135 ©
? ~H‘ +|" ~H“ f;’ 10:_ _—530 ;% e ~2B t ive fi i
AP AT kT ayrenfew b significance for 14%signal
? i 5_ ISy = 200 GeV :z IeveI.. : :
5l TS ENN * Only if the systematics error is
o o i . T f very small.

Background level (%)
Minimize the Systematics
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How to run?

effort
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Minimize the Systematics:

Similar run conditions for both species
Eliminate Pre-determined bias:

Perform blind analysis of data
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Procedure for blinding

Adam, J. et al. (STAR) NUCL SCI TECH 32, 48 (2021)
e — <100 Runs A fraction of Events Mixed-Analysis

Methods for a blind analysis of isobar data collected by . A R *

the STAR collaboration 1 Freeze Event Level Cuts

). Adam, L. Adamczyk, [..]STAR Collabaration =~ e

Freeze Track Level Cuts

Freeze Analysis Method

Nuclear Science and Technigues 32, Ar‘[icle;" ) ’ k "' y SObar‘Mixed

5 Accesses | Metrics § 3 \ AnaIySis Isobar-Unblind

Analysis

—

Freeze Procedure for QA

Freeze Analysis Code

~2k Runs A fraction of Events Blind-Analysis k
1 Do Run-by-Run QA

2 Freeze Run-by-run Cuts

el
=z
g )
154 s
= 38
=1
Y
Pt
R aat

e X ﬁi PRu ~2k Runs All events Prior-to-Unblinding
® ® g 0 ® = =
T

S
B 1 Fix Acceptance Correction Factor
3 Statistical Uncertainty

~2k Runs All events Unblinding

1 Re-group the run Ids

Ratios, confidence limit

P. Tribedy for the STAR Collaboration, J. Phys. Conf. Ser. 1602, 1, 012002 (2020)
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Final cross check with model

E'-,: oo AVFD30-40% (a) E"g = [ AVFD 30-40% (c) o E AVFD 30-40% (e)
i . T T ORutru - (O Ru+Ru £ (ORu+Ru
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== 101 & E = E R
Nuclear Experiment https://arxiv.org/abs/2105.06044 &, : ar s ME g, ' '
[Submitted on 13 May 2021] 2“‘ Afrrerssior o v W 4: 1050 e éa: 1056 .
Investigation of Experimental Observables in Search of the Chiral Magnetic Effect in Heavy-ion é ﬂz E . e E ¥ L g
Collisions in the STAR experiment %__ o099 e v S T
Subikash Choudhury, Xin Deng, Jim Drachenberg, James Dunlop, Shinlchi Esumi, Yicheng Feng, Evan Finch, Yu Hu, Jiangyong Jia, Jerome Lauret, Wei Li, .U'_J. 0 0.1 02 = = [ﬁ 01 0!2 - t‘: 0.1 012
Jinfeng Liao, Yufu Lin, Mike Lisa, Takafumi Niida, Robert Lanny Ray, Masha Sergeeva, Diyu Shen, Shuzhe Shi, Paul Sorensen, Aihong Tang, Prithwish Tribedy, = n5fs al ﬂsfs n5F{5
Gene Van Buren, Sergei Voloshin, Fugiang Wang, Gang Wang, Haojie Xu, Zhiwan Xu, Nanxi Yao, Jie Zhao
The chiral tic effect (CME) i I t ph '3_35 - -40% (a) N L -40%
eneray nuteat calisions, e CHE may Sie e e Frozen code from STAR to check the R AVFD 30-40% R AVFD 30-40°% (©)
searches for the CIME have aroused extensive Interest at the 14 i é Ongs=0 é = I 8 ZL-I:Z u %
investigate three pertinent experimental approaches: the y ¢ L’ = o v ) n./s =0.05 rar
realistic event generator (EBE-AVFD) to verify the equivalen Se n s It IV I ty Of d Iffe re nt 0 bse rVa b | es 102 0 * s @ 0.16 -
the isobaric collisions at RHIC [ =3
L a8
<t ¥
between Ru+Ru and Zr+Zr. &, B _
L Bgpd g ©
Flow chart for an Event-by-Event AVFD model ¥ 0l e 010 )
& A 5= = M W - L
h& & 7 ngls = 0.20 a8l & )
R e & 1,08
1021 & . . a E ] }\/ N
e N gﬁ@;@mg 55 R O
. ‘ . L L. . ‘ ,
profile + 3 0 1 . 0 0.1 02
AS Ng/s
_ Test response of different observables in frozen code to CME signal and
- : difference between Ru+Ru and Zr+Zr using the event-by-event AVFD model,
S. Shi, et al., Annals Phys.394 (2018) 50 . . .
Y.Jiang, etal, cPcaz (2018) 011001 — Mg /S indicates CME signal strength

S. Shi, et al., PRL 125 (202) 242301 el . . . .
e e Same sensitivity (inclusive Ay, R,) when put on same footing




* We measured the possible CME fraction beyond the flow background by using
the Ay w.r.to TPC and ZDC planes. At Au+Au 200 GeV and U+U 193 GeV, the
combined result shows (8+4+8)% CME fraction in 20%-50% centrality.

* We did the background scenario test at Au+Au 27 GeV by using Ay w.r.to TPC and
the new installed EPD, the result shows that it is consistent with zero in the
current statistics.

* We introduced the method of the ongoing isobar blind analysis, and the latest
sensitivity check with the Event-by-Event AVFD model on the different
observables between Ru+Ru and Zr+Zr.

Thank you!
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Ay and v, at Au+Au 27 GeV

0.8
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the elliptic anisotropy drops due In mid-central events the
to reduction in non-flow, de- charge separation w.r.t
correlation & change in flow different planes are consistent
fluctuations with pseudorapidity. with each other.
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