
Electromagnetic Responses of 3D Topological Insulators

2025 2/12

Electromagnetic Responses of 3D Topological Insulators
Computational physics group  B210831  Naoki Itsui

1. What are Topological Insulators? 2. 3D Topological Insulators

[1] X.-L. Qi, T. L. Hughes, and S.-C. Zhang, Phys. Rev. B 78, 195424 (2008).
[2] X.-L. Qi and S.-C. Zhang, Rev. Mod. Phys. 83, 1057 (2011).
[3] A. Sekine and K. Nomura, Phys. Rev. Lett. 116, 096401 (2016).
[4] A. A. Zyuzin and A. A. Burkov, Phys. Rev. B 86, 115133 (2012).

7. Conclusion

6. Axion Electrodynamics in Materials

4. Topological Field Theory

◆There are some models that realize Axion 

Electrodynamics in condensed matter.

5. Topological Responses in 3D TIs

◆We construct a Topological Field Theory 

that describes Topological Responses of 3D 

Topological Insulators.

◆In 3D, there exist Strong Topological Insulators.◆In 2005, Kane and Mele proposed 
    Topological Insulators (TIs). 

⚫                → Trivial Insulators.
⚫                  → Strong Topological Insulators.Periodic Boundary Condition Open Boundary Condition

Gap!!!

Edge Mode

No Gap!!!

Bulk = Insulator

Edge = Metal

⚫ Robust against any perturbations that satisfy 

    Time Reversal symmetry (TRS).

⚫ In the surface Brillouin zone, there is 

    an odd number of Dirac cones.

⚫ Strong topological insulators can 

    be distinguished by      ,

       

       is Topological Invariant,   

           is the parity at time-reversal invariant momenta.
Surface Bands

3. Questions

⚫Bulk → Energy Gap = Insulator

⚫Edge → No Energy Gap = Metal

◆In condensed matter physics, insulators and 
metals are defined by a current response to      .

◆Topological Insulators contain both properties.

How do the Maxwell Equations 
change in Topological Insulators?

⚫               → Trivial Insulators.
⚫                 → Strong Topological Insulators.

◆Topological Magnetoelectric Effect  Fig (a), (b)

◆Image Magnetic Monopole  Fig (c)

: Fine structure constant

: Axion Field

Axion Electrodynamics!

◆The Modified Maxwell Equations in 3DTIs

(a) (b) (c)
⚫We derive nontrivial topological electromagnetic 

responses of 3D TIs.
⚫Antiferromagnetic 3D TIs and Weyl Semimetals can also 

realize Axion Electrodynamics with a dynamical              . 

◆Antiferromagnetic 3D Topological Insulators

⚫ 3D TIs + fluctuating antiferromagnetic interaction

are the gap and the direction of spin receptivity.

◆Weyl Semimetals

⚫ 3D Topological Insulators with No energy gap

is the chiral gauge field.
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