
.

.. ..

.

.

Chiral Magnetic Effect in LHC

Speaker

Seyed Farid Taghavi

Institute for Research for Fundamental Science
School of Particle and Accelerators

One Day Workshop on LHC Physics with Emphasis on Higgs

July 11 2012



Motivation
Topological Charges

Chiral Magnetic Effect
Summary

.. Outline

...1 Motivation

...2 Topological Charges
WKB, Tunnelling and Path Integral
Solitons
Gauge Theories and Instantons

...3 Chiral Magnetic Effect
Axial Anomaly
Currents Induced by Magnetic Field

...4 Summary

2 / 23



Motivation
Topological Charges

Chiral Magnetic Effect
Summary

Motivation

3 / 23



Motivation
Topological Charges

Chiral Magnetic Effect
Summary

.

.. ..

.

.

Topological charges can be
seen in the Heavy Ion Collision
experiment.
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.. WKB, Tunnelling and Path Integral

.
WKB appr. for tunnelling..

.. ..

.

.

Γ = exp
[
−1
~

∫ xf

xi
dx

√
2(V − E )

]
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.

.. ..
.

.x(t) = x̄ + δx

.Path Integral in QM..

.. ..

.

.

〈xf |e− iHt
~ |xi〉 =

∫ xf

xi
Dx eiS/~

S =

∫ t/2

−t/2
dt′

[
1
2

( dx
dt′

)2
− V (x)

]
Wick rotation t ′ → −it ′,
.

.. ..

.

.

〈xf |e− HT
~ |xi〉 =

∫ xf

xi
Dx e−SE /~

SE =

∫ T/2

−T/2
dt

[
1
2

( dx
dt′

)2
+ V (x)

]
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.Semi-Classical Limit..

.. ..

.

.

SE (x̄ + δx) ' SE (x̄) + δx δSE
δx |x=x̄ + δx δ

2SE
δx2 |x=x̄δx + · · ·

.

.. ..

.

.

∫ xf

xi
Dx e−SE (x)/~ ≈ N e−SE (x̄)/~, E =

1
2

(dx̄
dt ′

)2
− V (x̄)

.

.. ..

.

.〈xf |e− HT
~ |xi〉 ∼ e−SE (x)/~ = e

1
~

∫ xf
xi

dx
√

2V
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In double well solution at tE → ±∞, x goes to ±a. Therefore
V (x) ∼ ω2(x ∓ a)2 where ω = V ′′(x). The asymptotic answer is
.

.. ..

.

.

dx/dt =
√

2V (x) → (x ∓ a) ∝ e∓ωt(tE → ±∞)
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.. Simple Example in 1+1 D Field Theory: Solitons
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.

.

. ..

.

.

L =
1
2

(
∂φ

∂t

)2
−

1
2

(
∂φ

∂x

)2
− V (φ), (φ) =

1
b2 (1 − cos(bφ)) ,

E .O.M. :
∂2φ

∂t2 −
∂2φ

∂x2 +
1
b2 sin(bφ) = 0
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.

.. ..

.

.

Infinite number constant solutions with zero energy:

φ =
2πn
b , n = 0,±1,±2, . . .

and also one-soliton answer

φ(x , t) = 4
b arctan(e±(γ(x−vt)/

√
b), γ =

1√
1 − v2

φ(−∞) = 0, φ(∞) = 2π/b

M ≡ E = 8/b2
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.
What kind of conserved current?!..

.. ..

.

.

Jµ =
b
2πε

µν∂νφ

.
What kind of conserved charge?!..

.. ..

.

.

Q =

∫ ∞

−∞
J0dx

=
b
2π

∫ ∞

−∞

∂φ

∂x dx

=
b
2π [φ(∞) − φ(−∞)] = N, N = 0,±1,±2, . . .
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.. Gauge Theories and Instantons

.Non-abelian gauge theory action..

.. ..

.

.

S =

∫
d4x

[
−1

4FaµνFµν
a

]
Fµν

a = ∂µAν
a − ∂νAµ

a + gfabcAµ
b Aν

c

.
conserved current..

.. ..

.

.

Kµ = εµνρσAaν

[
Faρσ − g

3 fabcAbρAcσ

]
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.Winding Number..

.. ..

.

.

∫
d3xK 0 = 24π2nw (tE = ±∞), nw = 0,±1,±2, . . .

Qw =
1

32π2

∫
d4xFaµνF̃µν

a

.

.. ..

.

.

Qw = nw (tE = ∞) − nw (tE = −∞), F̃µν
a =

1
2 εµνρσFρσ

a
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Chiral Magnetic Effect

• D.E .Kharzeev , Phys.Lett.B633(2006)260.
• K .Fukushima, D.E .Kharzeev , H.J.Warringa, Phys.Rev .D78 : 074033, 2008.
• D.E .Kharzeev , L.D.McLerran, H.J.Warringa, Nucl .Phys.A803 : 227 − 253, 2008.

• D.E .Kharzeev , Ann.Phys.325(2010)205 − 218.
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.. Axial Anomaly

.
QCD Lagrangian..

.. ..

.

.

L = −1
4FaµνFµν

a + ψ̄ [iγµ(∂µ − igAaµta) ]ψ

.Global Symmetries..

.. ..

.

.

ψ → eiαψ, jµ(x) = ψ̄(x)γµψ(x), ∂µjµ = 0

ψ → eiαγ5
ψ, jµ5(x) = ψ̄(x)γµγ5ψ(x), ∂µjµ5 6= 0(Anomaly !)

.

.. ..

.

.

∂µjµ5 = − g2

16π2 FaµνF̃µν
a
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.. Currents Induced by Magnetic Field
The charge correspond to ∂µjµ5 can be written as follows 1

.

.. ..

.

.

−2Qw = − 1
16π2

∫
d4xFaµνF̃µν

a =

∫
d4x∂µjµ5

=

∫ ∞

−∞
dt dQ5

dt = Q5(t = ∞) − Q5(t = −∞)

Assuming at t → −∞, we have NL = NR therefore:
.

.. ..
.

.(NL − NR)t=∞ = 2QW

In the rest of slides pictures of Kharzeev and Warringa presentations frequently used.
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In the presence of the
topological charges an electric
current induced by magnetic
field.

J = σBB
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.. Charge Separation
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