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Relaxation time of the fermions

in the magnetic field
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| Chiral Magnetic Effect

2. New relaxation mechanism
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Chiral Magnetic Effect

[Nielsen-Ninomiya |983]

With B field, electron
forms Landau levels.

With E field, electron
moves from LH to RH corn.

: : 62
Np—Np=—E-B
2m (Chiral Anomaly)
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&
Supply the energy from Ja JA —= 42 B(MR = ML)
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Experiment in VWeyl semimetal
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Q. L, et al.

Relaxation time approximation: NR|
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depend on B?




Scattering by impurity

Nielsen-Ninomiya [ 1983]

2

“lectrons can transfer to||Due to helicity conservation,
the other momentum ||electron cannot transfer into

states In the same corn |{the same corn In low ener%
(easy to be scattered)|| (very hard to be scattere

Relaxation time should depend on B!
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Goal

Using the continuum theory (effective theory) for
Dirac fermion with small mass,

we estimate the transfer probability within the
corn by impurity scattering, and reveal

> behavior of CME when the excited states in
Landau levels contribute it

with T = 0.
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Review

Transport theory
[Nielsen-Ninomiya |983]

Boltzmann eq. ; [Argyres-Adams [956]
0 0 0
— s L) — =\ =
8tf(n7 Yo zt) 6Eapzf(napyvpmt) <atf(n7py7PZ)>collision

f(n, P,, P,,t) : probability distribution function

tiny deviation from the equilibrium: f = fo +0f

Defintion of the collision term:

W :transfer probability in unit time
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Review

Relaxation time approximation
9, of(n,P,t)

(5 f(n,py,Pz)> T (0, P)

collision

» Static solution of the Boltzmann equation

0
0f(n,P) = T(n,P)eEaPZ fo(n,P)

Relaxation time 7 : determined by definition of collision term

Substituting these into the definrtion of the collision term.

Equation for the relaxation time
B= ) / ’P'W(n,P — n/,P)(r(n',P )P, — 7(n,P)P,
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Strong B

m 1
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massless fermion cannot be scattered in strong B
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How about in weak B

Scattering within the corn does not occur In strong B.

N, .
. Does the scattering
[ through these states

OCCUr 1N massless limit!

The answer is Yes.

9/15



| st excited states

em o

doubly degenerated

>

1

n+§) + p3 + m? — eBo3

6 states on Fermi energy

6 relaxation time for each states
TT (I: 1,°°° ,6)

VWWe can calculate the each

transfer pro

Pz 5btain the s

DabI

imul

ity wrg, and

LdNEOUS

equations for each Tr.
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Simultaneous equations

p 8!
P = ; [71 {(’w12 + W13 1+ W15 + w16)F + w14} —ToW12 + T3W13 + T4W14 — T5W15 + 7'6w16]
2
P
Py = % [_le12 + T2 {(wm - w13)F2 + W23 + W25 + w26} +T3W23 + T4W13 — T5Wa25 + 7'6w26]
1
7 Py
—Py = " [—7'11013 — ToWa3 — T3 {(’w13 + wlZ)F + W23 + W25 + w26} +T4W12 — TsWa6 T 7'6w25]
1
p !
P = - —TjW14 — T2W13 + T3Wia — T4 § (W13 + Wiz + wie + w15)F + W14 ¢ —T5Wi6 + TeW1s)
2

H P
Py = - |—Tiw1s — ToWas + T3Wag + T4W16 +75 {(ww + wm)F2 + was + wog + w56} — 76w56]
1

P
= = x [_le16 — ToWao¢ + T3W25 + T4W15 —T5Ws6 — T6 {(w16 +w15)?? + W26 1+ W25 +’w56}]
v
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Weak B

J x eB P (11 +14) + Pa(m2 + 73+ 75 + 76)]

Pzza

doubly degenerated

10}
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Fermi energy touches

. the |st excited states



Even in massless limit

For example we find,

 (4me? 2 (p+m)*+ P P)* 1 1 1 E
o = () v L~ (L (PP (P, )

Non-zero in massless limit!
doubly degenerated

&Y Relaxation through the |st
y‘/ exclted states remains even In
2/1 massless limit, which didn't
occur for only lowest states.

Dz
\on-zero resistivity in massless case.
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Experiment in VWeyl semimetal
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Summary

(D We study the st excited states contribution to
relaxation, using the continuum theory for Dirag
fermion with small mass.

2 Starting fro
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M Bo
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proximation, we found the

- relaxation times.

d*P'W(n,P —n',P)(r(n',P)P. — 7(n,P)P,)
@ Solving these equations, we found the re\axanon

nanism for massless fermion mvveak
netic field.
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