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o WKB, Tunnelling and Path Integral
o Solitons

o Gauge Theories and Instantons

Chiral Magnetic Effect
o Axial Anomaly
o Currents Induced by Magnetic Field
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Topological charges can be
seen in the Heavy lon Collision
experiment.
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Classical physics

Climbing the hill/4
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In double well solution at tg — +o00, x goes to +a. Therefore
V(x) ~ w?(x F a)? where w = V”(x). The asymptotic answer is

dx/dt = 1/2V(x) = (x F a) x eT“(tg — +00)

-a-+
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-Ie Example in 141 D Field Theory: Solitons
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£=1 (gf) -3 (%)2 ~ V(6),(9) = 5 (1~ cos(bg),

%y 9%
E.O.M. : ﬁ—ﬁ+—sm(b¢)_0
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Infinite number constant solutions with zero energy:

¢:27TTH7 n:o,:l:]_’:l:2,...
and also one-soliton answer
A 1
¢(Xa t) = Earctan(ei(’Y(X—vt)/\/E), y =

V1—v2
¢(=00) =0, ¢(o0) =2/b
M=E =8/b
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/d3xK° = 2472n,,(tg = +00), n, =0,+1,£2,...

Qu =5 / A X F yy F1

Quw = nw(tE = OO) - nw(tE = _00)7 ﬁ.é”, = _euupa]::fa
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Chiral Magnetic Effect

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

e D.E.Kharzeev, Ann.Phys.325(2010)205 — 218.
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1 P oo .
L= _Zfa,uufgy + [”7”(8N - ’gAa:“ta)]l/J

P — e, J4(x) = (x)yb(x), 8" =0
b= e, 5(x) = P(x)Y(x), 9 # O(Anomaly!)

2

. g 1%
a,quLS = __1671'2 fa,uufg
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The charge correspond to 8”"5 can be written as follows !

spin spin
Q.= = e = # = #
momentum

~2Qu = -1 / X F oy F1 = / d* X0,
= [ % = Gs(t = o0) - Gs(t = —o0)

Assuming at t — —oo, we have N = Ng therefore:

(NL = NR)t=cc = 2Qw

In the rest of slides pictures of Kharzeev and Warringa presentations frequently used.
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Axial Anomaly
Currents Induced by Magnetic Field

No Magnetic Field: No polarization Magnetic field: Polarization B
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In the presence of the
topological charges an electric
current induced by magnetic

Magnetic field fl eld.

J=o0pB

IN,-N,l.. =20,
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Reaction Reaction

0<0 plane L/ A 0>0

X (defines ) X (defines ¥;)
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