- X| International Conference on

New Frontlers In PhyS|cs

» A F - 4
e, ¥ b i v o L AN » . ; " T
x, b ’ I i % ;7—.‘ s ’ ; _“—‘r.r ? 5 > , ."'
‘i £ s i 5 t/' Iy T o LT A s
p a - ’ v
i 5 i ) e v &
e A Ty

ol 7,
4 a v, /_‘ 7
LA o /
3 ' ¥ £
¥ X F i s
] P
o T g s . i A oty o 2 .5

MM&A e i

the Chlral Magnetlc
Effect by the STAR Experiment

Gang Wang (UCLA)

Supported in part by for the STAR CoIIaboratlon, |
U.S. DEPARTMENT OF Office of S

EN ERGY Science




Chirality imbalance (finite .,
Local Parity Violation)

Energy of QCD vacuum
gluon field &

o Chiral symmetry restoration
(massless quarks)
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Experimental manifestation:
charge separation across
the reaction plane

Reaction plane
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And the CME signal should cause
A2 =95 — i > 0

S. Choudhury et al.(STAR), Chinese Phys. C 46 (2022) 014101.
AVFED simulations show that these methods

have similar sensitivities to the CME signal
and to the background. 3
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Normalized quantity
facilitates comparison

il ‘f):f)}

between data and model

calculations (AMPT).
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Compared with a pure-background model, the CME signal
seems to disappear at 7.7 GeV and 2.76 TeV.

« very low beam energies: no chiral symmetry restoration?

1« very high energies: no duration of the magnetic field?



Isobar
collisions

Compare the two isobaric systems:
_ ® CME: B-field?is ~15% larger in Ru+Ru
\Proton @ Flow-related BKG: utilize Ay, ,,/v,
® Nonflow-related BKG: almost same

96 96 96 96 I ™ s &
%r -"fi-"gr 44R@u i7Ru 2:_: tar ™., _projection: isobaric collisions |*° %
[N I
Isobar collisions provide best possible control ‘', | o 5,
- o 1O s @
of signal and background. S ¢ 525
2 | 20
2.5 B events per species: T 5 Ella
. . . ~ B = —1
® uncertainty of 0.4% in the Ay/v, ratio. o [ VS =200GeV LD
® if f.\c > 14%, Ay,,,/v, difference > 2%, P | 20-80% B6% N\

o

I e 0 s 100
yielding a 50 significance. Background level (%)

® f..c is the unknown CME fraction in Ay.,.,. 6



Successful data taklngof |sobar coII|S|ons at RHIC/STAR
PHYSICAL REVIEW C

covering nuclear physics

First publication
after 3 years and
many people’s
Search for the chiral magnetic effect with isobar collisions at effori/s?. P
vSnN = 200 GeV by the STAR Collaboration at the BNL Relativistic

Heavy lon Collider

Highlights Recent Accepted Collections Authors Referees Search Press About

M. S. Abdallah ef al. (STAR Collaboration)
Phys. Rev. C 105, 014901 — Published 3 January 2022




Step-0
Mock Data

challenge

Test data structure
(Au+Au data)

Ay in PP/SP, Ay(Minv)

; N Group-1
Ay, AS, and Ay(An) Ay, Ad, and k
Ay in PP/SP R(AS)
e

Step-1 Step-2 Step-3

Isobar Mixed Isobar Blind Isobar Unblind
analysis analysis analysis

Code freezing QA with ~ 1% data Final analysis
(Each run is (Each run is (Ru+Ru & Zr+Zr
Ru+Ru & Zr+7Zr) Ru+Ru or Zr+Zr) separated)

Blinding committee decides . —
Paper Review “ Blinding

the procedure. Committee Committee

STAR, Nucl. Sci. Tech. 32 (2021) 48 ‘ ’

Five independent groups

run each other’s frozen code.
Groups

No access to species-specific information until last step.
Everything documented (not written — not allowed)

Case for CME & interpretation must be pre-defined. ]



Blind analysis: compare observables at matching centrality between two isobar systems.

Case-1 [83]
Nucleus|R (fm) a (fm) B2
' 5.085 0.46 0.158
5.02 0.46 0.08

Case-2 [83]

Nucleus|R (fm) a (fm) B2
5.085 0.46 0.053
5,02 0.46 0.217

Case-3 [113]
Nucleus|R (fm) a (fm) B2

5.067 0.500 0
4.965 0.556 0

STAR Isobar blind analysis
VSNN =

200 GeV

— Glauber Case-2 (X /ndf=2.22)
— Glauber Case-3 (X /ndf=2.19)

Efficiency uncorrected tracks
(Inl<0.5)

— Glauber Case-2 (X /ndf=2.22)
— Glauber Case-3 (X /ndf=2.19)

2 10
=
o=
<
A .,6|l Ru+Ru
Data
108
102 \
q;—l-
£ 10%
=
o=
<
am 106 Zr+Zr
Data
1078
0 100

200 300 400
offline
I\Itrk

Ratio

Ratio

1.1

1.05 r

0.85

09

1.1

1.05

0.95 |+

09

| STAR Isobar blind énalysis |
VSNN = 200 GeV

o bl Y #‘H HT#H llli%l* ”

Ru+Ru/Zr+Zr M
Data

- Glauber/Case-2

(Inl<0.5) |

- Efficiency uncorrected tracks ’

|

I M‘ i++ﬂg&ﬂw% H“HNLH
“senctyF

" Ru+Ru/Zr+Zr
Data

- Giauber

|

MHI} ’ |

0 100 200 300

offline
Ntrk

400

MC-Glauber model fits the uncorrected multiplicity distribution.
Woods-Saxon parameters with thicker neutron skin in Zr (no
deformation) gives the best fit of the multiplicity distributions. 9



g | STAR Isobar biind analysis, vewy=200Gev | Case-3 (thicker neutron skin in Zr and zero B,)
" Efficiency uncorrected tracks (In|<0.5) [ . . T . . .
- _ gives the best fit of the multiplicity distributions.
N E-
2 200} 1
5 . 150 | 22 _ However, multiplicity (efficiency uncorrected) is
Z 100} o | larger in Ru+Ru than in Zr+Zr in such a
0F o i il matching centrality.
g = . | | .l | :
112 | e 44 1 This can affect background (and signal)
11 o * difference between the two isobaric systems.
1.08 + I
2 el . -
o I " | Case-1 and Case-2 give (almost) the same
15 | ' _ multiplicity in Ru+Ru and Zr+Zr, but they don't
1) RSOOSR ... | describe the muiltiplicity distribution so well.
0.98

80 7:0 EI»O 5IO 4|0 SI'O 2:0 1I0 0 ] _ _
Centrality (%) In the end, the blind analysis sticks to Case-3.
STAR, Phys. Rev. C 105 (2022) 14901 10



STAR has multiple sets of

1t | " STAR Isobar blind 3nafj;sjs | . . 0.005 | | | S'i'AFl Ilsoba} blfnalf analj/sr's -
v Vo= 200 GV results with different R Vo = 200 GeV
2 | . . . .004 -
=% o kinematic cuts. | will use the “ ® Rufu
LI | 9 | . . . ! B r+4r
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sl e | errors as a demonstration. SR ®
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o 102 | Ratio(20-50%) = 1.0144 £ 0.0001 £0.0008 ™| ratios of Ru+Ru to Zr+Zr are = 132 Ratio(20-50%) = 0.9851 + 0.0003 + 0.0002
E= | w . =
S| | T e | not exactly unity. e . -
P ..o, ] 0.99 | 2 o . * i
000 | | At matching centrality, the il ®
: o _ _ 097
80 70 60 50 40 30 20 10 O bG'OW-UﬂIty Ao ratio could 80 70 60 50 40 30 20 10 O

Centrality (%) Centrality (%)

even fake a CME signal.

STAR, Phys. Rev. C 105 (2022) 14901 11
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Ay, ,{TPC EP}

0.0005

STAR, Phys. Rev. C 105 (2022) 14901

S'i'AR fsoba.lr blind anafj/sis
VSNN =200 GeV

® Ru+Ru
& Zr+Zr

Full-TPC (Ing,gl<1)

S ) 0.2<pr<2GeVic

5IO 6:0 3:0 2IO 1I0
Centrality (%)

Both Ay,,, and «,, ratios of

Ru+Ru to Zr+Zr go

| significantly below unity!

How can we understand this?

K121 TPC EP}

- S'i'AR Ilsoba; blinalf anal}lfsis

o 1
® Ru+Ru

I S Zr+Zr i
S Ful-TPC (Inggl<!) -
i = 0.2< pr <2 GeVic |
I R R T
Do
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I [+] + + _________ > @ |

Ratio(20-50%) = 0.9838 + 0.0035 + 0.0009
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Centrality (%)
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Qualitative change at matching multiplicity: «.,,, ratios are more consistent with unity.
J. Jia, G. Wang, C. Zhang, arXiv:2203.12654

STAR, Phys. Rev. C 105 (2022) 14901
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STAR, Phys. Rev. C 105 (2022) 14901

10 0
[

7t Replotting of STAR data (arXiv:2109.00131)-
o 4 Ru+Ru
] '("JJ ST & Zr+Zr
S|gnature, ST PN 0.2< pr <2 GeVic
F *
2t * >
* o
1 1
1.04 J
Ru+Ru / Zr+Zr
1.02 | + + + + !
iS NOT seen. o 1 *+-'-+*+ + ----------------- 1
. . 4] 0.98 | i
U pper limit L el Ratio(20-50%) = 0.9995 + 0.0035 + 0.001
(95% CL): 096 |
1.0066 for «,,, ratio; S
~40 0.92 ' ' ' ' ' '
4 /0 forfCME' 0 50 100 1650 200 250 300
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Small interpolation before taking ratios

J. Jia, G. Wang, C. Zhang, arXiv:2203.12654
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I 1.02 ISTAI;H b] . \fs_I =2001GeV, IFm+Fil.;!Zr+ZIr, 20-50%
A’Y'I'IZ reSUItS are ConSIStent (M. Abdaflashc:'f.:r(STAFT}l.\lPhys. Rev. C 105 (2022) 014901]
with prelimina e o
p ry g STAR preliminary: DATA @ HIJING background estimate r e ?
background estimate S 098t it e S o= =8 _
ithi i = S miim &
within current uncertainty. oos | ® + e W . & ¥
£ gl 200GeV(AVFD): 30-40% | 094 ,3%:9“ ,3%;5” «cho"'f;’ ,3%?" «q%’f ,3%;’ oY ,\QQ {_\x"’;@ W o IR &
T A R A A C A A R N
Q:fu 60~ , Ru+Ru N \é’ 4?% t%m, \'}' \‘}’ \é 3 ;ﬁ
D 40; o Zr+Zr : | 2 QS\\\ \\_5\\\ N2\ \\7'\\ 2 N W
I (a)] Why is foue SO small?
S o ] AVFD simulation:
o " Jome 1S smaller in isobar than Au+Au,
<l N especially when using the participant plane.
ol ) smaller system — larger fluctuation — larger BKG
. 8 | c
R LA (b)] & smaller CME signal — lower fyc
0 005 01 015 02

nss R. Milton et al, Phys. Rev. C 104 (2021) 064906 15



PP(TPC) : maximum background
SP(ZDC-SMD) : maximum signal

PP

fI‘I',‘I"«'iE

H-J. Xu, et al, CPC 42 (2018) 084103;
S. Ab\?{oloshin, Phys. Rev. C 98 (2018) 054911

Ay{PP} = Aycme{PP}+ Aygkc{PP}
Ay{:"'} = Aycme{PP}/a+ Ayggc{PP}a
a = (cos 2(Wpp — ¥sp))

ﬂ}r{ SP} /
_ Ay{PP}

| STAR Au+Au s, = 200 GeV

-8~ 20-50%

i ] -e- 50-80%
%% b

1/a2 —1

The difference
between
different event
plane types
indicates a finite
feme In Au+Au at
200 GeV. More
data to come!

M. S. Abdallah et al. (STAR) Phys. Rev. Lett, 128 (2022) 092301

Ay"'2 {TPC EP}

o
o
o
—
|

27 GeV Au+Au (run18)

i Centrality: 30 - 40%

STAR preliminary

intercept = (1.8 + 0.3) x 10™

D% e H Z
D 0.05 01 0.15 0.2

\Z

AYESENpa”

0.05—

- 27 GeV Au+Au
 STAR preliminary

o Ay"2TPC (nn) |

N S RS R S BN
100 200 300

Npart

Event-shape engineering
* suppresses v,-realted background
» enhances foye (finite at 27 GeV?)
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j{d}+séme cent'rality
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. 91
p(T? ';b) = e[‘f'—ﬂn(lﬂ-ﬁﬂ@“(ﬂafﬁ;‘)-l-ﬁ:ﬁ’rg“(ﬂ,qf?})]fﬂn
The difference between matching centrality and matching multiplicity comes from a,,
surface diffuseness. 18

J. Jia, G. Wang, C. Zhang, arXiv:2203.12654



Ry, (AS) = Cy, (AS)/Cy,(AS) Measurement of the in-plane and out-of-plane
distributions of the dipole separation event by event.

10,18
0.16 .
-
014 ©
—0.12
-1 0.1

. Nreal (AS) STAR fsobar blind analysis, Vsny=200GeV  STAR, Phys. Rev. C 105 (2022) 14901
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YW 108y @ 0 ]
30-50%: 20-50%% Ru+Ru / Zr+fr 14
105
Oy, is the Gaussian width of 2 E f i g $.]
- T = 1.02 B "
the respective R(AS"") SEE . T e T T
= o = T
D.Qg e Tl = =
Ru+Ru - Fr4fr & Ru+Bu #+ Zr+Zr %
et e T
AS AS Centrality (%)

Predefined CME signature:

e I/JEJ’EY

Ru+Ru

1/ Oy,

No significant difference is observed
between the two isobaric systems
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