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Weyl fermion: massless “Half” Dirac fermion

The Chirality of a massless fermion can be defined as:

Right-handed: Left-handed:
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A Dirac fermion is chiral symmetric: it can be seen as the sum of a pair of Weyl
fermion

Weyl Dirac state Bi,Se; surface state
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Weyl semimetal: zero-gap semimetal with certain
pairs of Weyl nodes

Weyl semimetal Graphene

k)

Band structure of graphene has
six Dirac points

H = v5 -k

Weyl semimetal has a pair of Weyl
nodes with opposite chirality

» The Weyl nodes are spin single degenerate. (spin textures are different)




Comparison: 3D Dirac Semimetals

» Dirac nodes along the high-symmetry lines
» Protected by rotation symmetry
» 3D analog of graphene

Difference with Weyl points
® Degeneracy
® Spin texture near the nodes
® Position in k space




Chiral Anomaly: Negative MR

In a large field:

Beyond QL: 1D chiral anomaly

Charge pumping effect: More general case:
DOSxE-Bxg Negative MR




How to Realize a Weyl Semimetal (Proposal |I)

€ A QCP realized by tuning the SOC interaction.
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How to Realize a Weyl Semimetal (Propos
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€ A magnetic ordered ground state with strong spin-orbital coupling.

[ Ferromagnetic Metal
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Band structure of Y,Ir,O, Y,Ir,O, with interaction strength
X. Wan etal. PRB 83 205101(2011) X. Wan etal. PRB 83 205101(2011)
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How to Realize a Weyl Semimetal (Proposal Il) !

orbital coupling.

€ A magnetic ordered ground state with strong spin
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Weyl nodes in HgCr,Se,

G. Xu etal. PRL 107 186806(2011)

G. Xu etal. PRL 107 186806(2011)




How to Realize a Weyl Semimetal (Proposal lil)

€ non-central-symmetric semimetal with proper SOC

Ag,Se: P2,2,2, TaAs: 14,md SrSi,: P4,32




Band Structure of Ag,Se
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Weyl Nodes in Ag,Se
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Difficulty for Growing Single Crystals
B-Ag,Se

* High-T a-Phase: Super-lonic, Cubic
Im-3m, a~5 A

900 °C

* Low-T B-Phase: Non-central-symmetric ., .-
Orthorhombic P2,2,2,

e B-Phase:a~4A,bandc~7A 200 °CI_AgESe SRR ey

* 1%t Order Structural Phase Transition at +Se +Ag
133 °C with Giant Volume Change Rl |
227 B —Ag2Se / B—inge !
- * w7 i S
28 - T / 23\ xAg) — 0,69

o 246 - equilibrium non-equilibrium defects:

< ] phase B -Ag:Se dislocations, grain boundaries

= 244 7
242_- G. Beck and J. Janek Physica B 308-310: 1086 (2001)

Bias : We cannot grow single

crystals of such thermally

unstable compound
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Single Crystal Growth: Vapor Transfer

» Forming crystals via gas phase
» Can be self-selected transfer or via agent



Macro-size Single Crystals Synthesis of Ag,Se

B. Gates et. al.JACS 123: 1150 (2001)

For comparison, only
nano-size als were

» Crystals Grown Via Vapor Transfer Method
» Ribbon-Like Shape
» Size: upto10x 0.5 X 0.5 mm

» Confirmed by Single Crystal XRD
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Highly Anisotropic Fermi Surface
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Negative LMR: Chiral Anomaly beyond QL

P2,2,2, Leads Symmetry

Protect cIiE'W'eyI' Nodes' due to Charge Pumping Effect due to
socC, . / Chiral Anomaly beyond QL :
r K DOSxE-Bxo




TaAs: a Semimetal with Non-central Symmetric
Structure

Electric properties of polycrystals

are not noteworthy
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TaAs, NbAs, TaP and NbP: Relatively
Structure in Pnictides
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Band Structure of TaAs

With no SOC: band touching
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Weyl Nodes in TaAs (calculated)

Chiral charges
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Surface Fermi Arc in TaAs
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ARPES: Observing the Surface Fermi Arc and
Weyl Nodes in Experiment

A ARPES Weyl semimetal (001) surface B Theory (001) surface C Chiral charges
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Observation of Clear Weyl Nodes and Fermi
Arcs in NbAs

SDI Twin Weyl nodes
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Transport Property: Large MR in TaAs
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Two-band Features in Hall Resistance
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Quantum Oscillations in p,, and p,,
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Surface Topology from Transport
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Chiral Anomaly
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Chiral Anomaly
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SUMMARY

» We observed first Weyl semimetal TaAs in experiment
» Large MR and strong SdH oscillations

» Negative Longitudinal MR was understood as a Chiral
anomaly in TaAs

» Need other candidates of Weyl semimetals and further
studies in transport

PLAN

» Best candidates for studying the e-e interactions beyond

» Devices: the key point for observing the exotic chiral-
related transport




