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CHIRAL MAGNETIC EFFECT (CME)

The strong interaction
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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) :




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

e 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



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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THE R-VARIABLE

Ajitanand, Lacey, et al., PRC 83 (2011) 011901
Magdy, Lacey, et al., PRC 97 (2018) 061901(R)
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arXiv:2006.04251v1 [nucl-ex] 7 Jun 2020

THE R-VARIABLE
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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 (2.4B 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 .



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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USE DATA WHEREVER POSSIBLE
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MODEL ESTIMATES
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IMPLICATIONS TO DATA
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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

(14.7 £ 4.3 £ 2.6)%

(13.7+£ 6.2+ 2.3)%

(8.8 £4.5+2.4)%

(6.3 +5.042.5)%

exp-. A;\I\II‘T — 15%
nf ?

€, matched to e

(4.1+1.4+46)%

(6.8+3.04+5.5)%

(=4.0£1.7+2.1)% (=5.0x£ 1.9+ 18)%



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 studies

*

Vv
0 2




ISOBAR EXPECTATION

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

2B
N ] ()]
0.15— 416 ©
. i projection with }Qdﬁ events 1 <
g T —14 ©
o - - b=
. - —case1 J4, c
> 01— 1, 2
S ' case2 1o 0
= | E
0 i - X V5
7 0.05 R B
' _ sy = 200 GeV - 4
[ 20 - 60% . =
] ! ! ] ! N 1 1 ]
7% 50 100 °

Background level (%)

Yicheng Feng, Yufu Lin, et al., 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% (2o effect)

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

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

23



ISOBAR EXPECTATION

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

Yicheng Feng, Yufu Lin, et al., arXiO378

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

Aycpe ~ B> ~ 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)
. i projection with }Qdﬁ events 1 <
= r —14 © AVFD-glasma pic/s: isobar/AuAu ~ 1.5
x” T —case1 |y, £ Ayeme ~ (Hs/S)? = x2 gain in signal
:gi 0.1— -case 2 1o c% If AuAu f,=10%, then isobar 7% (2o effect)
:':’ B _E 8
l - 1~ xv5 ~ Thisis going to be only 1-2¢ effect! ®
> 0.051— 6 56 x V5 / 33% x 10%/3 = 1, Ru/Zr = 1 + 15%*3% = 1.005
P | \'syy =200 GeV | . ER Signal differs by 15%, but still background in isobar: v,
" 20 - 60% ; ‘ — differs by 2-3% (xu etal PRL121(2018)022301, Lin etal PRC98(2018)054907)
0 (') — 5'0 SEEL S 1U0_ 0 CME Signal (isobar x0.15) |x1 |x1/1.5 | x1.52/1.5
Background level (%) Background (isobar x0.025) x1 | x2 X2
Isobar S/B improvement X6 | x2 x4.5

Isobar S/VB improvement x1 |x1/2 |x1




OUTLOOK

e |sobar data will be available soon...

e Current data (2.4B MB Au+Au) yield ~5% statistical uncertainties
Expect 20B from 2023+25 runs = 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 critical.

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.

26 /32



THE INFAMOUS R-VARIABLE

N. N. Ajitanand, R. A. Lacey, A.Taranenko, and J.M.Alexander, Phys. Rev. C 83, 011901 (2011)
N. Magdy, S. Shi, J. Liao, N. Ajitanand, and R. A. Lacey, Phys. Rev. C 97, 061901(R) (2018)

N. Magdy, S. Shi, J. Liao, P. Liu, and R. A. Lacey, Phys. Rev. C 98, 061902(R) (2018)

Yifeng Sun and Che Ming Ko, Phys. Rev. C 98, 014911 (2018)

N. Magdy, M.-W. Nie, G.-L. Ma, and R. A. Lacey, Phys. Lett. B 809, 135771 (2020) Several mistakes and data are unnatural!
Ling Huang, Mao-Wu Nie, Guo-Liang Ma, Phys. Rev. C 101 (2020), 024916, 1906.11631 [nucl-th] Results are erroneous!
Shuzhe Shi, Hui Zhang, Defu Hou, and Jinfeng Liao, Phys. Rev. Lett. 125, 242301 (2020)

R proponents and a few
uninformed theorists

. . Comment on “A sensitivity study of the primary correlators used to characterize
Piotr BOZGk, Phys Rev. C 97, 034907 (2018) chiral-magnetically-driven charge separation” by Magdy, Nie, Ma, and Lacey

Y. Feng, J. Zhao, and F.Wang, Phys. Rev. C 98, 034904 (2018) Yicheng Feng.! Fugiang Wang,!** and Jie Zhao! arXiv:2009.10057
' Department of Physics and Astronomy, Purdue University, West Lafayette, IN 47907, USA
Y. Feng et al, PRC103, 034912 (2021) , f Phy ronomy, Pudue University foy z

Y- Fe ﬂg, F- Wa ng, and J. ZhaO, arX|V:2009- 10057 This note points out an apparent error in the publication Phys. Lett. B 809 (2020) 135771 by
. . Magdy, Nie, Ma, and Lacey.
Choudhury et al. (STAR technique paper), arXiv:2105.06044

In conclusion, there is an apparent error in the statis-

tical uncertainties in “A sensitivity studv of the primary

Investigation of Experimental Observables in Search of the Chiral Magnetic Effect in correlators used to characterize .I: _ 1 11y —
Heavy-ion Collisions in the STAR experiment driven charge separation” by Magdy, — r - cey,

published in Phys. Lett. B 809 (2 "his

Subikash Choudhury.! Xin Dong.? Jim Drachenberg.? James Dunlop,* Shinlchi Esumi,” Yicheng Feng.’ was pointed out by us to Magdy b of
BEvan Finch,” Yu Hu,"* Jiangyong Jia.*® Jerome Lauret,* Wei Li.” Jinfeng Liao.!” Yufu Lin,! the authors, at an internal STAR 5 f 5r the
Mike Lisa,'* Takafumi Niida,” Robert Lanny Ray,'* Masha Sergeeva,'* Diyu Shen.'® % Shuzhe Shi.l” preprint version (arXiv:2002.07934v _ Lbli-
Paul Sorensen,* Aihong Tang.* Prithwish Tribedy,* Gene Van Buren.* Sergei Voloshin,'® cation appeared, and also later wh - rint
Fuqiang Wang.® Gang Wang,'* Haojie Xu.!” Zhiwan Xu,™ Nanxi Yao.'? and Jie Zhao® (arXiv:2006.04132v2) using the sal f r was
posted. The apparent error was 1nc rant

data points published in MINML are e in

the arXiv preprints. Tracing this error reveals that the
AMPT data points in MNML are statistically unnatural.



Indulge into the resonance region

N,
N N <COS(¢a + (Dﬁ 2¢c|us)>
a'“p
HO1F run16 Au+Au \s = 200 GeV
0.01F m+ pT:D.Z-D.B GeVl/e
= 0.00sf N-J r=(Nog~Ngs) /Nog
°'| Jieizhao (STAR), QM18, 1807.0!
o 20-50% . 4. % q
— A: large 50% q;

P — B: small 50% q

,. _ L% EH #{l_ |

ool ! ——0-100% q,
' ' . A-B
= o.0002f *+h STAR Prehmmary\ L
wwﬂ L
02 04 06 08 12 14 1513
My (GeWc )

ESE q, selects different v,, but does not
bias spectators or magnetic field
Ay,—Ay, represents background shape
Fit Ay = k*(Bkg shape) + CME

Fit does not assume Ay « v,; works as
long as it is dependent of v,

Fit assumes constant CME. Fit y2/ndf
tells whether it’s a good assumption

%10~ |
0.3f .4|un16 Au+Au )8 =200 GeV

| b :0.2-0.8 GeV/c
0.2F

[ I 20-50%
0.1

x107

i - —_r-lﬁ__ )
of / LT e
0

0.2 0.4
AyA-AyB
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Summary of Possible CME Signal

Jie Zhao (STAR) Quark Matter 2018,arXiv:1807.09925

[I—rO—IJ

Au+Au \/s 200 GeV (20-50%)
STAR preliminary
Wep/ e (TPC full)

L —e——— 1]

Yo/ Yep (TPC sub-evt)

Ci—e—i]

|

I

|

|I: —e— ]
|

I

| m,_, > 1.5 GeV/c® (TPC full)
I

Low m_, + ESE (TPC sub-evt)
\ .

| ! | ! | !
p+Pb, Pb+Pb at LHC

® CMS ® ALICE Pb+Pb (10-50%)
p+Pb (120<=N"""*<300), ESE
Pb+Pb (30-50%), ESE

_ | ESE (EKRT)
_ i ESE (MC-KLN CGC)
= 1 ESE (MC-Glauber)

-5% 0 5%10% 20% 30% 40%

Possible CME Ay / inclusive Ay

* Major physics backgrounds

-5% 0

°0%10% 20% 30% 40%

Possible CME Ay / inclusive Ay

* Possible CME signal ~ a few %, 1-2c from zero.



Ay

bkg

A"\{_A"Y

AVF D Yicheng Feng, Yufu Lin, et al., arXiv:2103.10378

Results from Yufu and Yicheng.
Each has run both AuAu and Isobar, and results are consistent.

0.8 x10_3' T T T T T T T T T T T T F‘h— 1 ' j i I | ' ' I ' ' | I ' I- '
| AVFD centrality: <] i AVFD centrality: ]
0 6: [Sun=200GeV 30-40% 1 - 2 0al VSnn=200GeV 30-40%
Pl e Au+Au N 0 B+ _
- -z ______/=:'-'-'-'-'5; ] BaCkground oC 1/ N E’T | fitting function: x%/(b+x) . ]
04 L 1 ZrZr/AuAu ~ A, /A, ~2 06l b=0.0187:0.0002, ¥/NDF=0.623/1 N
: — ] N L —— b=0.0630+0.0013, y¥NDF=0,287/2 ]
02 . ] -.._E [ —e— Au+Au i
- 04 e ZreZr _a o
X R T - 7 i
ny/s 02| - .
0.8 ><1|0_|3 _ —— — : : :
" | AVFD l It:(=,\n‘crz5||ity: . 0 B 5 | I I 7]
(s = e 30-40% A e . L L 1
pe T 1 CME signal: AuAu/Zrzr~1.8 0 0:05-0A~ 015 02 0.5
T —e— AutAu p=(8.87x0.03)<10° i .
- e Z2r p, A4 T7006)10° 1 This may make sense because: Ng/s
04 ] ~ ALl/3- ~ B2 ~ A2/3
0_2__ /’.,.-"'/ _ AUAU/Zrzr ~ 22/3 ~ 1-5
o - Final-state effect may alter it
OD T +0_.E; - IOl.‘ll - ID.|15I - I0.|2I - IO.25

Ng/s
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