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Claim: Observation of Weyl metal

Adler-Bell-Jackiw anomaly 



★★★★

Two cornerstones in 
modern condensed matter 

physics

TopologyTopologyTopologyTopologySymmetrySymmetrySymmetrySymmetry

““““TopologicalTopologicalTopologicalTopological”””” Landau Fermi liquid theory ??Landau Fermi liquid theory ??Landau Fermi liquid theory ??Landau Fermi liquid theory ??
““““TopologicalTopologicalTopologicalTopological”””” LandauLandauLandauLandau----Ginzburg framework Ginzburg framework Ginzburg framework Ginzburg framework 

for phase transitions ??for phase transitions ??for phase transitions ??for phase transitions ??



Motivation:
Toward interacting topological  

states of matter � Topological metal
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Anomalous transport 
phenomena in topological 

states of matter

Topological terms associated 
with (quantum) anomalies



• From classical theory to quantum theory � Nontrivial global 
structures of ground-state manifold sometimes violate classically 
respected conservation laws at quantum levels, referred to as 
(quantum) anomalies.

• Heisenberg vs. Feynman

• Anomalies associated with local (gauge) symmetries must be 
cancelled for consistency of quantum theory (standard model & 
string theory).

• Anomalies associated with global symmetries give rise to exotic 
physics.

• Quantum number fractionalization in solitons (Goldstone-
Wilczek currents), deconfined quantum criticality (emergent 
non-abelian chiral anomaly), gapless boundary states and 
anomalous (quantized) electrical & thermal (Hall) transport 
phenomena, …

• Chiral anomaly (3+1, 1+1), parity anomaly (2+1), Witten 
anomaly (3+1), …

(Quantum) anomalies



Topological (anomaly) terms vs. 
anomalous transport phenomena



Adler-Bell-Jackiw anomaly (1d)

E
e

QNNNN

E
e

NE
e

N

LRLR

LR

π

ππ

==−=+

−==

5&0

2
&

2

&&&&&

&&



Weyl vs. Dirac (semimetal)

( ) ( )2222222 )()( zDyxD kVkMgHkkVkE +±++±=

IzgH

IkMkVH xz
D

⊗⋅+
⊗+⊗⋅=

σ
ττσ

ˆ    

)(

H

H

H

HH −→
H

2)( kmkM ρ−=

0>ρm

0<ρm

Gil Young Cho, 1110.1939v2



Adler-Bell-Jackiw anomaly (3d):
Ultra-quantum limit

EB
e

QNNNN

EB
e

NEB
e

N

LRLR

LR

2

2

5

2

2

2

2

2
&0

4
&

4

π

ππ

==−=+

−==

&&&&&

&&



Adler-Bell-Jackiw anomaly (3d):
Semi-classical regime



• Local curvature effect vs. global topological effect
• Local curvature effect � Transverse (inverse AC 

effect) phenomena vs. longitudinal (magneto-elastic 
coupling) phenomena

• Global “topological” effect � Longitudinal phenomena 
from the chiral anomaly (axion electrodynamics –
Wilczek)

Magnetoelectric effect



Adler-Bell-Jackiw anomaly
in Weyl metals

“Negative” longitudinal 
magnetoresistivity 
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Longitudinal magnetoresistivity



Theoretical analysis



Theory: Lorentz force + Berry curvature in 
3d (in the absence of weak anti-localization)

Xiao, D., Chang, M.-C. & Niu, Q. 
Berry phase effects on electronic properties, Rev. Mod. 
Phys. 82, 1959 (2010); 
Nagaosa, N., Sinova, J., Onoda, S., MacDonald, A. H. 
& Ong, N. P. Anomalous Hall effect, 
Rev. Mod. Phys. 82, 1539 (2010).



Theory: Quantum Boltzmann equation 
approach + semi-classical equation of motion 

(for weak anti-localization)



Final expression of longitudinal MR
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• Sem i-c l a s s i c a l r eg ime Chem i ca l po t en t i a l i s much l a r ge r :       

t h an t he cy c l o t r o n f r e quency   .

• U l t r a-quan t u m l im i t Bo t h chem i ca l po t en t i a l and t empe r a t u r e :      

a r e l e s s t han t he ene r g y gap be tween t he l owes t and f i r s t           

Landau l e ve l s .

• S i n ce on l y ch i r a l b r an ches o f t he spec t r um a r e oc cup i ed        , 

dynam i c s o f t h e se e l e c t r ons a r e essen t i a l l y t h e same as t ha t          

o f one -d imens i o na l ch i r a l f e rm i on s whe r e i n t r a  ,  -node 

s ca t t e r i n g i s p r oh i b i t e d As a re su l t t he e f f e c t o f t h e  .   ,     

Ad l e r-Be l l- Jac k iw anomal y becomes enhanced wher e t he   ,   

l o ng i t u d i n a l cu r r en t can be re l a xed by i n t e r      -node sca t t e r i n g  

on l y I n t h i s u l t r a.   -quant um l im i t t he co r r e c t i o n t e rm o f t h e ,      

l o ng i t u d i n a l MC i s l i n ea r l y p r opo r t i ona l t o      B due t o one  -

d imens i o na l ch i r a l d ynami c s d i s t i n g u i s hed f r om t h e case o f  ,      

t h e sem i -c l a s s i c a l r eg ime . 

• A l l ana l y s i s based on t h e u l t r a     -quant um l im i t f a i l e d t o    

exp l a i n ou r expe r imen t a l da t a cons i s t e n t l y i nd i ca t i n g t ha t    ,   

Discussion: Ultra-quantum limit 
vs. semi-classical regime



“Topological” Hall effect



Conclusion



Confirmation of Weyl metal



From S. Ryu’s talk 
in APCTP



From S. Ryu’s talk 
in APCTP


