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OUTLINE

* Brief introduction to CME
* The background issue

e A few selected experimental observables
-- Event-shape engineering

-- Invariant mass
-- The R variable

* New STAR measurement by spectator/participant planes
-- STAR data (arXiv:2106.09243)
-- Study of remaining nonflow effects (arXiv:2106.15595)

* Outlook (isobar and beyond)
* Summary



CHIRAL MAGNETIC EFFECT (CME)

The strong interaction
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Kharzeeyv, et al. NPA 803 (2008) 227

Discovery of the CME would imply: Chiral symmetry restoration (current-quark DOF & deconfinement);
Local P/CP violation that may solve the strong CP problem (matter-antimatter asymmetry) 3/2¢




THE COMMON v VARIABLE

Voloshin, PRC 70 (2004) 057901
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BACKGROUNDS IN y CORRELATORS

Voloshin 2004; FW 2009; Bzdak, Koch, Liao 2010; Pratt, Schlichting 2010; ...
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BACKGROUND IN Ay CORRELATOR

Voloshin 2004; FW 2009; Bzdak, Koch, Liao 2010; Pratt, Schlichting 2010; ...
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HANDLING BACKGROUND

* When background is small

* Can be a bit sloppy in background estimation. Imprecision can be afforded by syst. uncertainty
* Can be somewhat model-dependent (theo. syst. uncertainty)

 When background is large

* Have to cleanly remove background
* Extreme care should be taken. Small error in background can result in big mistake in signal
* Should not rely on theory/model/trends (unless theory is very precise)
* Better be data-driven, often leading to new observables and methods

Initial idea re HIC
Kharzeev et al.
End of the 1990’s

\ 4

Slow momentum
building, the first
decade of 2000’s

v

First measurement
STAR (and ALICE)
~2010, beginning
of the decade

\ 4

Vigorous interests
Ups and downs
The decade 2010’s

\ 4

Small system results
CMS (and STAR)
Revived interests,
isobars, toward end
of the decade 2010’s
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EVENT-SHAPE ENGINEERING METHOD

Schukraft, Timmins,Voloshin, PLB719 (2013) 394
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THE INVARIANT MASS METHOD

Zhao, Li, Wang, Eur.Phys.J.C 79 (2019) 2, 168
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arXiv:2006.04251v1 [nucl-ex] 7 Jun 2020

THE R-VARIABLE
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Magdy, Lacey, et al., PRC 97 (2018) 061901(R)

Charge separation measurements in p(d)4+Au and Au+Au collisions;

implications for the chiral magnetic effect

(STAR Collaboration)
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SP/PP METHOD: INTRA-EVENT “CME-v, FILTER”

H. Xu et al., CPC 42 (2018) 084103, arXiv:1710.07265
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STAR, arXiv:2106.09243
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Au+Au Collisions at 200 GeV (2.4 B MB)

STAR, arXiv:2106.09243
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* Consistent-with-zero signal in peripheral 50-80% collisions with relatively large errors
* Indications of finite signal in mid-central 20-50% collisions, with 1-3c significance

* Possible remaining nonflow effects 15/ 26



REMAINING NONFLOW EFFECTS
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Feng et al., arXiv:2106.15595
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Feng et al., arXiv:2106.15595
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Feng et al., arXiv:2106.15595
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MODEL ESTIMATES

Feng et al., arXiv:2106.15595
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IMPLICATIONS TO DATA

(6.3 +5.6)%

| (-5.0%2.6)%

L 0.3 | | |
s [ Au+Au 200 GeV —e— 20~50%, STAR data |
@) B o 50~80%, STAR data -
ﬁ— 0.2 . © 20~50%, model nonflow.
(14.7 + 5.0)% - % 2 ] 50~80%, model nonflow’
./ T DO, (0} ” i
0.1 !
(4.1 +4.8)% 5
O : g e
01} 3
— | |
FE FE SE
0.2~2 GeV/c 0.2~1 GeV/c  An=0.1 An=0.3

STAR, arXiv:2106.09243
Feng et al., arXiv:2106.15595

FE (pr=0.2-2 GeV/c) FE (pr=0.2-1 GeV/¢)

SE (Anp=0.1)

There may indeed be
hint of CME in the data

SE (An = 0.3)

STAR data
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SP/PP VS. ISOBAR: PROS & CONS

N

2

AyzN—zzp<cos(a+,8—2%p)>Vz,zp. 2 -v2+2N3<Cos(a+,3—2§0c)>3p

Vs Vs

SP/PP:

* All in magenta are identical
* 2p nonflow v,*/v, differ

* 3p nonflow differ

e ZDC EP resolution poor;
need more statistics

Nonflow studies, model estimates...

ISOBAR:
e All terms slightly differ
e TPC EP resolution is good

N> Ay . .
> — ~ might be better than N =2
n V2 V2

% Nonflow partially cancel: <cos(a + =20, )>/(v2 /v, )2 ?

Ay (cos(a+p—20,)) (VZ

2
—j : nonflow overcounted?

> TVAs (cos(a—pB)),

Isobar conclusion will need detailed nonflow studieszz/26
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ISOBAR EXPECTATION

Deng et al. PHYSICAL REVIEW C 94, 041901(R) (2016)

Yicheng Feng, Yufu Lin, et al.,
PLB 820 (2021) 136549, arXi0378

Mag. field B ~ A/AZ/3 ~ A1/3

Ayeye ~ B2 ~ A3

Signal: AuAu/isobar ~ 1.5
x3 reduction!

Background oc 1/N
isobar/AuAu ~ 2

2B _ :
N 015 16 o If AuAu f,=10%, then isobar 3% (1o effect)
L projection with }Oﬁﬁ events 1 ¢
' = r —14 _g AVFD-glasma pic/s: isobar/AuAu ~ 1.5
x” T —case1 |y, £ Ayeme ~ (Hs/S)? = x2 gain in signal
:gi 0.1— case2 Jio (% If AuAu f,=10%, then isobar 7% (2o effect)
:':’ B _E 8
2 - 1 xv5  Thisis going to be only 1-2¢ effect! ®
& 0.05 I 56 X V5 / 33% x 10%/3 = 16, Ru/Zr = 1+ 15%*3% = 1.005
[ \syy = 200 GeV =K
© 20 - 60% | E
1 L L 1 L M 1 1 ]
2% 50 100 °

Background level (%)
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ISOBAR EXPECTATION

Deng et al. PHYSICAL REVIEW C 94, 041901(R) (2016)

2B
N ] ()]
0.15— 416 ©
. i projection with }Qdﬁ events 1 <
70 —14 ©
o - - b=
o i —case1 J, ¢
> 01— 1, 2
S ' case2 10 »
= | E
0 i - X V5
7 0.05 R B
' _ sy = 200 GeV - 4
[ 20 - 60% =
] ! ! 1 1 ] ]
7% 50 100 °

Background level (%)

Yicheng Feng, Yufu Lin, et al.,
PLB 820 (2021) 136549, arXiO378

Mag. field B ~ A/A%/3 ~ AY/3
AYeme ~ B2 ~ A?2/3
Signal: AuAu/isobar ~ 1.5

x3 reduction!
If AuAu f,=10%, then isobar 3% (1o effect)

Background oc 1/N
isobar/AuAu ~ 2

AVFD-glasma pic/s: isobar/AuAu ~ 1.5
AYeme ~ (Us/s)? = x2 gain in signal

If AuAu f,.=10%, then isobar 7% (2c effect)

This is going to be only 1-2¢ effect! ®

50 xV5/33% x10%/3 =16, Ru/Zr=1+ 15%*3% = 1.005

Signal differs by 15%, but still background in isobar: v,
differs by 2-3% (xu etal PRL121(2018)022301, Lin etal PRC98(2018)054907)

CME Signal (isobar x0.15) |x1 |x1/1.5 | x1.52/1.5

Background (isobar x0.025) x1 |x2 X 2
Isobar S/B improvement X6 | x2 x4.5
Isobar S/VB improvement x1 |x1/2 |(«x%




OUTLOOK

e |sobar data will be available soon...

e Current data (2.4 B MB Au+Au) yield ~5% statistical uncertainties
Expect 20 B from 2023+25 runs =2 1.7% stat uncertainty

» Systematic uncertainties should be small (ratios of ratios), and can
be beaten down to 1% level.

e Total 2% uncertainty can be achieved in Au+Au collisions.

* Depending on Mother Nature, we should have a firm conclusion by
2025 at latest.
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SUMMARY

* CME is a very important physics

* Backgrounds dominate in inclusive Ay;
Rigorous treatment of backgrounds is essential.

e STAR data indicate a finite CME signal with 1-3c significance;
nonflow does not seem to fully account for it.

* Looking forward to isobar data, but it will not be the end of
journey.
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Ay

bkg

Ay-Ay

AVFD

Results from Yufu and Yicheng.

Yicheng Feng, Yufu Lin, et al.,
PLB 820 (2021) 136549, arXi¥:2103.30378

Each has run both AuAu and Isobar, and results are consistent.
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- —8— Zr+Zrp =(477:006)<10°
| - _
“a—

= ] (- (- L

0 0.05 0.1 0.15 0.2 0.25

Ng/s

jfj]- - AVFD | It:;e.:r*n‘clrauIlityl: ]
o 0l VSnn=200GeV 30-40% -
0 N=N o —
BaCkground o« 1/N j‘_]- | fitting function: x%/(b+x) . i
ZrZr/AuAu ~ A, /A, ~2 05l b=0.0187:0.0002, x¥/NDF=0.623/1 N
N "I —— b=00630:0.0013, y¥NDF=0,287/2 ]
E [ —e— Au+Au ]
e -
04 —=— Zrezr o .
0.2 - -
I . i
. ) =, L L1 L ,
CME signal: AuAu/ZrZr ~ 1.8 0 0.05 0.1 0.15 0.2 0.25
This may make sense because: N/
1/3. 2 2/3
B ~ AY3; Ayoue ~ B> ~ AY
AUAu/ZrZr ~ 2213~ 1.5
Final-state effects may alter it
27/ 26



