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Chiral Magnetic Effect 1% 5%



Charge separation by LPV effects in a heavy-ion collisions

Strong magnetic field:
B~10T (eB~10*MeV?)
(unB ~ 100 MeV)

—>Magnetic field aligns quark spins
along or opposite to its direction

chirality:  left right
1D Ad
T spin @ positive charge

@ negative charge

T momentum

Right-handed quark momentum is
opposite to the left-handed one

In HIC formation of (local) metastable
P-odd domains is not forbidden.

Kharzeeyv, Pisarski, Tytgat, PRL81:512 (1998)
—This vacuum transitions produce local
excess of left/right handed quarks:

Niert # Nyight
% reaction
B .
s plane

Induced electric field (parallel toB): E~0-B

Positive and negative charges
moving opposite to each other
— charge separation in a finite volume



Chiral Magnetic Effect(CME)ER3& &L T D charge dependent azimuthal correlations
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Quenching in medium
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= “Quenching in medium” / “pt conservation” / “v1 fluctuation”



explanation for shift (pt conservation)

Global%ipt conservationZ &z 5 &
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Formula 1 at previous page
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explanation for shift (v1 fluctuation)
Teaney-Yan DEH (CNBA. WEMEBIDHDHEL)
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Mixed harmonic azimuthal correlations

“2" harmonic azimuthal anisotropy”[Z& %
“27d harmonic modulation of charge balancing width/asymmetry” D5z —#%1t9 %

|n+m|-th harmonic flow w.r.t. ¥, [ZKHZ

C,;(n,m;k) =(cos(ng, +mg, —(n+m)¥,)) (@f = %)
AC=(C_ +C _)/2—(C_ +C_)/2

A(cos(nga + mog — (n+m)Vy))

L.

= A(cos(ndp)cos(n +m)(dg — Vi) — A{cos(ndp)) x (cos(n +m)(¢g — Vi)

L £

+A(cos(ndg)) x (cos(n + m)(dg — Vi))

. (% =0, —d)

+A(sin(ndg)sin(n + m)(dg — Vi ))

LI ED—EDcorrelationZBIEL ., BimELbE T 5 E(2&Y.,
NSV HE BIrERRETFAUAEAEOME ODXBNETS

BREOZE ., /\FOEDN source N A RIAEAMEZT TR ERITHIFEEN
THIHTWASZEDFEEEHLELE S, > QGPD F1n, delayed hadronization




Scott-Soeren®T JL

EARBI[Z[Eblast wave model
Freeze-out@E Zparameterize
INTAZ(EAN/dpt, v2(pt), vaZx T4 YL THS

T [GeV]

Over-samplingi&

& space-pointAi5 (X 1032 E Dnet-charge HNODFL

FT7oHTINERE
ToB T IILDOIEZHBITEERMNSF-TchIZR-T
ROB

=

< 0.005;
. 0.0045¢
0.004¢
0.0035¢
0.003F

0.0025;
0.002% e W
0.0015; Y

0.001 % A
0.0005.

0.14
0.12;

0.1f
R S S R G W
0.06"
0.04f
0.02

005101572035 "30 35 36°45
Centrality percentile

1.2F

0.8:

6
0.4]
0.2}

0551671526 2530 35 40 45
Centrality percentile

05576715 202530 3540 45
Centrality percentile

c 2
1.8
1.6f
120y el
kA
0.8
0.6f
0.4
0.2}
0510157202536 35 46 45
Centrality percentile
o 003
0.025[
0.02;
u.mi—X‘
0.005]
055101526 25 30 35 40 45
Centrality percentile
w04
0.35f
0.3f
0.25
0.2f A A
0.15¢ & M
0.15%
0.05f
Op5™10°1526 25 4635 30 45

Centrality percentile

MREBEENZREBEIEBEZTNED, toyETILELTIRKIFIFEFRLCER->TLNS



A C(1, -(n+1); 2)

0.5

04

0.3

0.2

0.1

ALICEQO#EREETILTE

Scott-Soeren®T )L F 48

><.“."3.|....|........

; i:reezeouf model ¢:=0.0 ;
o @ @m 2 Un=2 |
B =-3 n=3 ]
C L Y W | /JZl ]
N mn =-2 (ALICE) % ]
- — 2 -
e -
:I 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I:

30 40 50

Centrality percentile

HIJING + afterburner v2&v4

5 C(1, -(n+1); 2)

A C(1, <(n+1); 2)

ALICEQD EEX{E

0 5 X10| | T T T
T Work in Progress Pb-Pb@Js;, =2.76TeV |
0.4} ®n==2(3p) n=2(3p) /Q :
03: n=-3 (V) n =3 (V0) 1
- en=-4(4p)  [In=4(4p) / .
0.2} / /B/ N :
B _ 1
0.1- e 1
L %Ii.—g/ ﬁ‘/’"é |
L ) |
o o——t® = |
0_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 5><10I-3I T T T T T T T T T T T T T
' C Work in Progress Pb-Pb@\s,,=2.76TeV 1
- en=-2(MC¥,) 0O n=2(MC¥,) -
0.4- n=-3(MC W) n=3(MCw,) ]
C en=-4MCY¥_) O n=4(MCY¥,) 7
0.3 1
0.2 %/ a
0.1 //jé /ﬂ‘}// /+/
- e 4
o F——— —— &
1 1 1 | | 1 1 1 1 1 1 1 ‘ | | 1 1 | | | 1 1 1 | 1 1 [
0 10 20 30 40 50 60

Centrality percentile

0 30

40 50

1 I I60

Centrality percentile



'r";‘bkl—vka):E—)‘/l*d):E

- (@rm)v,)

A{cos (2¢ +mj

AC(2,m; 2)

g (3+m)¥,)

A(cos (3¢ +mo

AC(3, m; 2)

3x10°
0.25F
r ®em=2
0.2:— B.-f 3
- m=-4
015— v m=:5
- m=-6
0.1-
F .
0.05
C e 7
o b—t———F— . =
_0-05 \10| L ||20| \30\ 1 \40|| L |50\ 11 L
Centrality percentile
0.3x10°
0.25-
E Em=-4
0-2:_ m= _5
0.15F ¥ -Mm=-6
C =.7
0.1-
0.05-
0 &= N SS
_0-05 1 1 I10I 1 \20I 1 1 I30I | 1 I40I 1 \50I 1 1 1

Centrality percentile

=A(cos (40 + mg, - (4+m)¥, )

A C(4, m; 2)

LT

0.3x10°
0.25F
- HEm=-5
0.2 -4-Mm=4
- yYm=-7
045~ M=8
0.1
0.05F
0; T —s—— 5 —= = &
_0-05 ||10||||20||\\30\\|\4o||\|50\||\

Centrality percentile

FSIBIRZEEELTLVEL
EBRDE—AVETIEFSIFIRIEIKE
WEBhnd

Scott-Soeren model[ZIEERD AN
VrEERZEANSZEIEITELL



The implication for the local parity violation

It maybe interesting question whether or not the parity violation can contribute not only
Afcos(6¢)) and  Alcos(¢a + dg — 20s3)) but also other correlations

Here is the general decomposition
Cog(l,—(n+1):2) = (cos(da — Ugp) X cus({n +1)(¢p — 'Iprj)}
+(sin(da — Urp) x sin({n +1)(ds — tIprj))

— <'1"'[,cr1"n+1,..5'} + {ﬂ'l_.ﬂﬂ'ﬂ—i—l_ﬂ) + Biﬂ. — Bmut

Magnetic field The possible term which is related to the
parity violation
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The interaction between the flowing

+ medium and the sphaleron can produce
non-zero <a,,asz>, Which leads non-zero
- AC(1, -3; 2)

- Out-Of-Plane

In-Plane
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