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Conventional materials

H =

(

0 p2 + δ

p2 + δ 0

)

in L2(R;C2) σ(H) = ±
⋃

p∈R

(p2 + δ)

quadratic dispersion

δ > 0 δ = 0 δ < 0
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Dirac materials

H =

(

p δ

δ −p

)

in L2(R;C2) σ(H) =
⋃

p∈R

p±
√

5p2 + 4δ2

2

linear dispersion

δ > 0 δ = 0 δ < 0
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semi-Dirac semi-metals

H =

(

py p2x + δ

p2x + δ −py

)

in L2(R2;C2) σ(H) = ±
⋃

px,py∈R

√

(p2x + δ)2 + p2y

linear and quadratic dispersions in orthogonal directions

δ > 0 δ = 0 δ < 0

[Pardo, Pickett 2009], [Banerjee, Singh, Pardo, Pickett 2009], [Delplace, Montambaux 2010]
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• λ ∈ σ(Hε) ⇐⇒ λ2 ∈ σ(H2
ε )
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Corollary. Let δ > 0 and
∫

R2 ℜV12 < 0.
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Remark. The method additionally yields quantitative bounds.
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Numerical approximation: ∞ −→ N <∞.



Numerical results: eigenvalues

2 4 6 8 10 12 14
−5

−4

−3

−2

−1

0

1

2

3

4

5

ε

E

2 4 6 8 10 12 14
−5

−4

−3

−2

−1

0

1

2

3

4

5

ε

E

δ = 5

V11 = 0 = V22

V21 = −χB2

V21 = −χB2

V11 = 0.2χB2

V22 = −0.9χB2



Numerical results: eigenfunctions

δ = 5

E ≈ 2.9893

V11 = 0 = V22

V21 = −χB2

ε = 2.5

E ≈ 4.8284

|ψ|
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Moral : new type of hybrid materials:

simultaneously quadratic and linear dispersions

semi-metal semi-Dirac

Our contribution : (kickoff)

• rigorous spectral analysis
• interaction with electromagnetic field
• existence of discrete spectra

Open problems :

¿ experimental verification of our theoretical predictions ?
(transport should drastically depend on sgnℜV12)

¿ weak-coupling (ε→ 0) asymptotics ?
(we have just an upper bound)

¿ waveguides, non-self-adjointness, etc. ?


	
	
	
	
	
	
	
	
	
	
	

