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Chiral Magnetic Effect (CME)

The chiral anomaly creates differences in the number of left and right handed
quarks. An excess of right or left handed quarks leads to a current flow along

the magnetic field.
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Chiral Separation Effect (CSE)
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An axial current is generated along an external magnetic field, with its
magnitude in proportion to the system's (nonzero) vector chemical potential
as well as the magnetic field magnitude.
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CSE signal:???
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Chiral Magnetic Wave (CMW)
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The interplay of CME and CSE lead to a collective wave mode, i.e. chiral magnetic
wave. It results in a electric quadrupole which further lead to charge-dependent
elliptic flow through final state interactions

Qe R Qe
CME: ]—2 susB  — CSE: ] = anu B

CMW (CME+CSE) signal: v2 splitting of positive and negative charged particles (slope para. r)
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Outline

> Results and Discussions

(a) B and CME in isobaric collisions

Xin-Li Zhao, Guo-Liang Ma, Yu-Gang Ma, Phys. Rev. C 99, 034903 (2019) [arXiv:1901.04151].
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Using Isobaric Collisions for CME Search

27-[2“5.

%Ru + 2°Ru 20Zr + 20Zr

|dentical nucleon number — Identical background

Different proton number — Different magnetic field
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String-melting AMPT model

Zi-Wei Lin, Che Ming Ko et al, PHYSICAL REVIEW C 72, 064901 (2005)

A+A =P | HVING (PDFs, nuclear shadowing):
minijet partons,  excited strings, spectators

'- Telt to q & gbar via
intermediate hadrons
ZPC (Zhang's Parton Cascade)

Partons freeze out

B, W& W5

Hadronization (Quark Coalescence)

C PETTETY LR ELEREEEEEEL

ART (A Relativistic Transport model for hadrons)

Hadrons freeze out (at a global cut-off time)
strong-decay all remaining resonances

Final particle
spectra
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Geometry Configuration of Isobaric Collisions

Woods-Saxon form of spatial distribution of nucleons:

p(r.8) = po/ (1 + exp((r — Ry — B2RoY2(6)) /a))

Ru96 5.13 0.46 0.13
Zr96 5.06 0.46 0.06
Ru96 5.13 0.46 0.03
Zr96 5.06 0.46 0.18 0.00

Ru_ nZr
Relative ratio (RR): Rq = Z(SRuH?Zr)
e.g.forcase 1, Rg, = 2201131000066) = 0.33; for case 2, Rg, = 2%00031001188) —1.43

Q can represent |B|, cos2(Wg — W¥,), B%cos2(Wg — ¥,), cos2(Wg — W5Y) and B?cos2(Wg — W5F).
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Calculation Method of W, & W,SP

In model,
1 r2sin(20,
yt Wy = —[arctan< pSin(20,)) + 7]
3 2 5(20,)

Y, is participant plane which is constructed by initial
geometry of partons.

N

. 1 rssin(20s
wir = —arctan< (205))
2 (r2cos(2¢s))

Va

VAN )

LPEP is spectator plane which is constructed by
spectator neutrons from one projectile.

In experiment, ¥, is the 2nd-harmonic event plane measured by the TPC, and ‘IJZSP is assessed by spectator
neutrons measured by ZDC.
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Spatial Distributions of Electromagnetic Fields

From Lienard-Wiechert potential:

e 4’”; “(R, - R, ’Vn)3( )

(2, 1) 472“: "Ry —R, v, 3L )
10[z <B>f(c) e<B>|g37%  10/(a) \ >1(c) - e<E>
e 5 173.106 . N7 4 L
Ol G
> 5 | > //\\\ i :

1.739
b=8f ol et ol T e
a m 5| 1 =] o371 1 =
E o { @ [4oss E { CD |
>.‘-5 - -|'0.996 - - + .
10¢ e N T {®.1680 -10

x(fm)

x(fm)

10 5 0 5 10-10 5 0 5 10-10 6 0 5 10

x(fm)

-10

The distributions of RuRu collisions for case 1.

Charge separation signal: Ay «x <

5 0 5 10-10 -

x(fm) x(fm)

5§ 0 5 10-10 5 0 5 10

x(fm)

r=1(000)&t=0

i~

C0S2 (LIJB — LPEp)

>

2.650
1.989
1.327

0.666

1" 0.005

0,656
-1.318
-1.979

-2.640

The 5th Workshop on Chirality, Vorticity and Magnetic Field in Heavy Ion Collisions , 2019.4.8-12, Beijing

Guo-Liang Ma 4 [#| #5/(Fudan Univ.)



B

: 8= _{Ru} > |B|_{Zr}
4F .5-1:'!' g~

s T L

2F =e= Ru+Ru.casel -
[ =-m= Ru+Ru,case2 "
1:‘ —te= Zr+Zr ,case’l
. -‘.- Zr+er,casel2

b(fm)
02y > For case 1, RR is about 4% - 6%.
0.10F -
) == case?2 - . -
i > For case 2, RR is about 4% - 12%.
-
44 - 1 > Deformation info. causes difference
-]
++*-.- ]
j _— Z(QRU o QZI‘)
276 T80 Q7 QRu4 QZr
b(fm)

The 5th Workshop on Chirality, Vorticity and Magnetic Field in Heavy Ion Collisions , 2019.4.8-12, Beijing Guo-Liang Ma 1 [# 5%/(Fudan Univ.)



cos2(Wz —¥;)
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BZCOSZ(WB — lpz)
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> The maximum of B%cos2(Wg — W,) is about -10.

> In central and mid-central collisions, Bcos2(Wg — W) are
similar in the four cases but different in peripheral collisions.
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cos2 (¥ — ¥;1)
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> For case 2, RR of W, is larger than RR of W5F.

> P

is expected to reflect much cleaner information about the CME signal.

— W2P) are similar.
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Outline

> Results and Discussions

(b) E-B and CMW in Au+Au

XL Zhao, GL Ma, YG Ma, https://doi.org/10.1016/j.physletb.2019.04.002 [arXiv:1901.04156].
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Chiral anomaly us sources

e2

O, Jt = 2imaby i 5 Fuv Fpo

- QED anomaly effects: Fermi surface balance in the Dirac sea; neutral
pion condensation; Dirac semimetal experiments etc.
« QED anomaly in heavy-ion collisions?

E-B=E,B, + E,B,+ E.B..
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E-B in Au+Au 200GeV

-0 5 0 5 1010 5 O 5 10|10 -5 0 5 1000 5 0 5 10
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b=10 fm

- A dipolar distribution of E-B is observed in noncentral Au+Au collisions.
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From E-B dipole to electric quadrupole
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- A dipolar E-B in a magnetic field
can lead to a electric quadrupole
with the help of CME.

« The density of E-B is consistent
with the centrality dependence of
the slope para. r by STAR

 No formation of CMW here

The 5th Workshop on Chirality, Vorticity and Magnetic Field in Heavy Ion Collisions , 2019.4.8-12, Beijing Guo-Liang Ma 1 [# 5%/(Fudan Univ.) 21



Event-by-event E:B in Au+Au
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- A dipolar E-B holds on event-by-event basis.

« Our new mechanism does not need the CSE (u-

dependent) =different energy dependence from
the CMW-driven one
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Summary

> B and CME in isobaric collisions

(a) Deformation difference causes some effects.
(b) W2SP has stronger correlation with WB than W2

Ay w.r.t W2SP reflects much cleaner information about the CME signal

> E-B and CMW in Au+Au

(a) A dipolar E:B is observed in noncentral Au+Au collisions.
(b) It can resultin a electric quadrupole without CMW " 3 new
interpretation to the slope r measured by STAR.

(c) Source for other chiral anomalous effects?
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Thank you for your
attention!
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Centrality cuts for Ru+Ru and Zr+Zr

Centrality bmin (fm) bmax (fm)
0-10% 0 3.9
10-20% 3.9 5.5
20-30% 5.5 6.8
30-40% 6.8 7.8
40-50% 7.8 8.8
50-60% 8.8 9.6
60-70% 9.6 10.3
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Distributions of W5 — ¥,
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Chiral Magnetic Wave (CMW)
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CMW (CME+CSE) signal: v2 splitting of positive and negative charged particles (slope para. r)
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