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The chiral magnetic effect

Chirality imbalance + external magnetic field = electrical current

f(AP™) = 2a sin(Ag™) + Z 2v, cos(nAg™)
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e Electrical current along the B field generates charge separation.
e Charge dipole gives non-zero a, (—a,) to positively (negatively) charged
particles, while the ¢, fluctuates event by event so on average (a;) = 0.

e Observables are developed in experiment to measure the a,; and/or charge
separation.

D.E. Kharzeev, J. Liao, Nat. Rev. Phys. 3 (2021) 55-63
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The chiral magnetic effect

Z.T. Liang et al., Physics Letters B 629 (2005) 20-26

CME Global spin alignment of vector meson
2 B , L

a1+>0 a1+<0 SZ=_1
a; <0 a; >0

e Spin state along orbital angular

momentum, characterized by p,,
In spin density matrix.

e Charge separation along B field,
characterized by non-zero a;.

—

Directions of B and L are correlated, both are perpendicular to
reaction plane
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Global spin alignment
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Poo 7 1/3 means non-zero “elliptic flow” of decay products in CMS.
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Global spin alignment to the Ay observable

S.A. Voloshin, Phys. Rev. C 70 (2004
Y112 = (COS(@y + g — 2Wgp)) 057901 Y (2004)

yﬁ% = <cos(gb+ + ¢_ — 2‘PRP)>

N N
= (cos Ag +> (cos Ag_) + 7 Cov(cos Ag,,cos Ag_) — (sin Ag +> (sin Agp_) — P Cov(sin Ag,,sin A¢g_)
N.N_ N,N_

(ab) = (a){b) + Cov(a, b)

In center-of-mass system, the covariance between 7zt and 7~ from p decays is

I 1

Cov(cos ¢, cos ¢p*) = — <0032 gbjf) + (cos c,bjf)z =-3 + §(3p00 — 1),
11
Cov(sin ¢, sin %) = — (sin? ) + (sin )" = — = =5 Gpo=1D.

dN 1
do* 2w

1 \
Where we used ¢ = ¢* + wand 1= 5(3po0 —1) cos2¢™ |
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Global spin alignment to the Ay observable

Therefore, Ay* =y 05 — ™5 = = —

The Ay is proportional to the “elliptic flow” of
decay products in p rest frame.

In lab frame,

Boost factor in plane

/"
Cov(cos ¢, ,cos ¢_) @ov(cos Pk, cos p*) = f,
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COV(Sin ¢+9 sin ¢_) @OV(Sin gbjf, sin ¢i<) =f:g [—5 — §(3p00 — 1)] f;, =f6 + Z bn(vzp)n
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Ayipp = [g(fc +/)Bpg — 1) — E(fc _fs‘)] ~

A linear dependence of Ay, on py.
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Global spin alignment to the R correlator

Definition: N.Magdy, Phys. Rev. C 97 (2018) 061901
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A linear dependence of Ac; on pyy,.
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Global spin alignment to the signed balance function

Signed balance function

AB. — [Ny<+—) Ny Nyen) — Ny(——)]

A.H. Tang, Chin. Phys. C 44 054101 Ny N_
_ [Ny<—+) — Ny++) _ Ny+-) = Ny(——>]
N, N_
N, +N_

N+N_ [N'UH‘_) o Ny(_‘")]’
r=o0(AB,)/oc(ABy).

Assuming all particles have same pT, we will have
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Model simulations

A. H. Tang, Chin. Phys. C 44 054101 S. Lan, et al. Phys. Lett. B 780 319

D. Shen, et al. Chin. Phys. C 45 054002
Setups of toy model Setups of AMPT

e Spectrum of primordial pion

dN  + 1
dm?z & Gmr /o 1

e String melting version

* AuAu 200 GeV with impact parameter
b~8fm
* Spectrum of p e Spin alignment effect is introduced by

AN o—(mr—m,)/T sampling decay products according to
P

X Y
T(m,+T)

2
dmi.

dN _§
dcos@* 4

[(1 = poo) + (3poo — 1) cos® 6*]
e 195 pairs of 777~ with 33 from p decays

e V, and v; of primordial pions are set to zero.

e Spin alignment effect is introduced by
sampling decay products according to

dN 3

dcosO* 4 [(1 — poo) + (3poo — 1) cos® 9*]
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Model simulations

x10~° x107

g N T T [ T T T T T ! _ N [ rr rr ;rrr1 o [ 1 T
>=0.2 - — agl R ]
< - < | Au+Au 200 GeV, b = 8 fm (AMPT) .
E i 0.03 |- |
0.1+ — i )
0 - ] L .
i 0.02 - -
01} i E |
o ! - I . ! . | . . . I ] 0.01 | 1 1 1 1 l 1 [ | 1 l 1 L1 1 | L1 1 | l 1

0.2 0.4 ?,-6 0.1 0.2 0.3 0.4 0.5
00 pOO

A linear dependence of Ay as a function of p,, has been

observed, slope and intercept depend on spectra and flow of p
mesons in models.
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Model simulations
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Ry (AS) has similar p,, dependence as gamma, Ao is also a linear function.
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Model simulations
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Signed balance function is also sensitive to p,, the Ac?*(AB) is also a
linear function.
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e The Ay}, Ry (AS) and signed balance function r,;, are both influenced by the spin

alignment p,, of vector mesons.
o If the p is smaller (larger) than 1/3, it gives negative (positive) signal to the Ay, ,, R\PZ(AS )

and ry,,.
e The spin alignment of p, meson is critical for the CME measurements.
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