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Casimir force
• Casimir force: force between bodies from vacuum fluctuation. [Casimir 48]
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Repulsive Casimir force
• Two bodies related by reflection always attract: [Kenneth, Klich 06]

WS WS

• Weyl semimetal has a “direction” = axion gradient.

• Stable point exits between repulsive and attractive region.

[Wilson+ 15; YE, Hazumi, Iizuka, Mukaida, Nakayama 23]

Potentially suppress “background” for new force search at .𝒪(μm)
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Weyl semimetal

{
⃗∇ ⋅ ⃗E + ⃗b ⋅ ⃗B = 0, ·E − ⃗∇ × ⃗B + ⃗b × ⃗E = 0,

· ⃗B + ⃗∇ × ⃗E = 0, ⃗∇ ⋅ ⃗B = 0,

• Described by axion electrodynamics with spatial gradient:

• Weyl semimetal (WS) effectively provides θ = ⃗b ⋅ ⃗x .

From [Amitage+ 17]

∼ b

Each node has opposite chirality

ℒeff ∼ bi ψ̄ γiγ5 ψ

 with .ℒeff = −
1
4

θ FμνF̃μν θ = ⃗b ⋅ ⃗x



Dispersion relation
• Plane wave ⃗E = ⃗ϵ e−iωt+i ⃗k ⋅ ⃗x , ⃗B =

⃗k × ⃗ϵ
ω

e−iωt+i ⃗k ⋅ ⃗x .
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with ⃗b = (0, 0, b), ⃗k = (kx, 0, kz) .

• Dispersion relation modified by .b
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Lifshitz formula
• Consider WS between metals and vacuum.

Spectrum given by solutions of

  where  1 − e2iκzδr2
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• Casimir free energy per unit area given by
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Casimir force with Weyl semimetal
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• Casimir force with WS: repulsive to attractive by increasing .δ

Zero force point: stable.

[Wilson+ 15; YE, Hazumi, Iizuka, Mukaida, Nakayama 23]



Casimir force with Weyl semimetal

-0.05

	0

	0.05

	0.1

	0.15

	0.2

	0.25

	0.3

	0.35

	0.4

	0 	1 	2 	3 	4 	5 	6 	7 	8 	9 	10

F
/F
0

bδ

T=300K,	ab=1

T=100K,	ab=1

T=300K,	ab=10

T=100K,	ab=10

-0.05

	0

	0.05

	0.1

	0.15

	0.2

	0.25

	0.3

	0.35

	0.4

	0 	1 	2 	3 	4 	5

F
/F
0

bδ

T=300K,	ab=1

T=100K,	ab=1

T=300K,	ab=10

T=100K,	ab=10

b = 1 eV ≃ 5 μm−1 b = 0.1 eV ≃ 0.5 μm−1

• Casimir force with WS: repulsive to attractive by increasing .δ

Zero force point: stable.

[Wilson+ 15; YE, Hazumi, Iizuka, Mukaida, Nakayama 23]

stable zero force stable zero force
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New force search

• Casimir force: “background” for new force search at 𝒪(μm) ∼ 𝒪(eV) .

Zero Casimir force offers a new possibility.

[YE, Hazumi, Iizuka, Mukaida, Nakayama 23]

[Chen+ 14]

Vnew ≡ α ×
Gm1m2

r
e−r/λ .
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• New long-range force search done for different scales, including 𝒪(μm) .



Stable point for new force search
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• Casimir force can be suppressed with the Weyl semimetals.

Vnew = α ×
Gm1m2

r
e−r/λ .

[YE, Hazumi, Iizuka, Mukaida, Nakayama 23]
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Summary

• Weyl semimetal provides axion electrodynamics with .θ = ⃗b ⋅ ⃗x

• Casimir force has stable zero point with Weyl semimetal.

• Potentially offering a new way of long-range force search at  (and more?).𝒪(μm)

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

	0.15 	0.2 	0.25 	0.3 	0.35 	0.4 	0.45 	0.5 	0.55 	0.6

|F
C
a
s
|	
/	
|F
n
e
w
|

δ	[µm]

α=1012,b=1eV
α=1011,b=1eV
α=1010,b=1eV
α=109,b=1eV
α=1011,b=0

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

	0.03	0.04 	0.05	0.06	0.07 	0.08	0.09 	0.1 	0.11	0.12

|F
C
a
s
|	
/	
|F
n
e
w
|

δ	[µm]

α=1014,b=5eV
α=1013,b=5eV
α=1012,b=5eV
α=1011,b=5eV
α=1013,b=0

λ = 0.5 μm λ = 0.1 μm

-0.05

	0

	0.05

	0.1

	0.15

	0.2

	0.25

	0.3

	0.35

	0.4

	0 	1 	2 	3 	4 	5 	6 	7 	8 	9 	10

F
/F
0

bδ

T=300K,	ab=1

T=100K,	ab=1

T=300K,	ab=10

T=100K,	ab=10

-0.05

	0

	0.05

	0.1

	0.15

	0.2

	0.25

	0.3

	0.35

	0.4

	0 	1 	2 	3 	4 	5

F
/F
0

bδ

T=300K,	ab=1

T=100K,	ab=1

T=300K,	ab=10

T=100K,	ab=10

b = 1 eV ≃ 5 μm−1 b = 0.1 eV ≃ 0.5 μm−1

stable zero force stable zero force

∼ b


