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Here, for the first time, we report experimental studies of the first Weyl semimetal
TaAs which reveals the chiral anomaly in its magnetotransport.

Unlike most metals that become more insulating or resistive under an external
magnetic field,

we observe that our high mobility TaAs samples, quite remarkably, become more
conductive as a magnetic field is applied along the direction of the current for certain
ranges of the field and

its magnetoconductance disperses quadratically which is nearly independent of
temperatures below 20 K, but depends strongly on the relative angles between the

electric and magnetic fields.



1. Observation of the chiral magnetic effect in ZrTe.,
Qiang Li, Dmitri E. Kharzeev, et al., arxiv:1412.6543

Here we report on the first observation of chiral magnetic effect (CME) through the
measurement of magneto-transport in zirconium pentatelluride, ZrTe..

2. Observation of the chiral anomaly induced negative magneto-resistance in

3D Weyl semi-metal TaAs,
Xiaochun Huang et al., arxiv:1503.01304

In the present paper, we report the first experimental evidence for the long-anticipated
negative magneto-resistance generated by the chiral anomaly in a newly predicted
time-reversal invariant Weyl semi-metal material TaAs.



Outline:

1. What are semimetals?

2. Theoretical background of the chiral anomaly in condensed matter physics.
3. Recent experiments on quadratic negative magnetoresistance in semimetals.

4. Main conclusions.



The conduction and valence bands touch at discrete points, with a linear dispersion relation
in all three momentum space directions moving away from the Weyl node.

Weyl point or node is a point of contact between two
H=tvpo -k nondegenerate bands in the first Brillouin zone.

the sign in front refers to two possible chiralities of the band contact point
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Weyl SM In the presence of the magnetic field B.

Landau levels:

€n, = wvpsign(n) \/2h|-n|eB + (hk-B)2, n=+1,+2, ...

€0 = —xhvpk-B Pairs of Weyl nodes with y=+1.

The zero LL disperses only one way for each Weyl node:
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Derivation of the positive magnetoconductance:
Qiang Li, Dmitri E. Kharzeev, et al.,
arxiv:1412.6543
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If the energy degeneracy between the L and R handed fermions is broken:
s = (R — pr)/2

The density of the chiral charge:

Ps=(Pr—pPL)/2



Parallel external electric and magnetic fields generate the chiral charge with a
rate that is proportional to the product of electric and magnetic fields.
Adler; Bell and Jackiw (1969):
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Chiral anomaly = nonconservation of the numbers of
Weyl fermions of distinct chiralities.

The left- and right-handed fermions can mix through chirality-changing scattering,
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If the densities of L and R handed fermions are different the system develops a
net electric current. Chiral Magnetic Effect:

JoME = =— s B
272 H Fukushima et al. PRD, 78 (2008)



The CME-related positive magnetoconductivity will dominate
the classical negative magnetoconductivity, provided that:
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It is possible to derive the coupled diffusion equations

for the total and chiral charge densities in the presence of the magnetic field:
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Distribution of the Weyl nodes
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How about experiment?
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plane of TaAs, clearly resolving Fermi arcs near the X point, Y point, midpoint of the X
point and Gamma point, and midpoint of the Y point and Gamma point of the

surface Brillouin zone.



R — T curves
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Temperature dependence of
resistivity at different magnetic
fields perpendicular to the current.
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Hall resistivity versus magnetic field
in the temperature range from 2 to 300 K.
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The magnetoconductivity was measured in a configuration where the

applied electric and magnetic fields are parallel.
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Magnetoconductivity at different
temperatures and fits to the data.
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as obtained from the fits.
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scaled as (1/E)?



Main conclusions:

1. The consequence of CME in transport is a quadratic negative magnetoresistance,
which dominates all other contributions to magnetoresistance under certain conditions.

2. The CME is argued to be observed through measurement of magnetotransport in
ZrTe; and TaAs. These materials electronic band structure is consistent
with the semimetal.

3. One of the promising directions is the interplay between the chiral anomaly and
superconductivity.

Recent review: Burkov, 1502.07609



