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Casimir force

« Casimir force: force between bodies from vacuum fluctuation.  [Casimir 48]
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+ Always attractive independent of § in this simplest setup.



Repulsive Casimir force

» Two bodies related by reflection always attract:  [Kenneth, Kiich 0¢]

* Weyl semimetal has a “direction” = axion gradient.
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[Wilson+ 15; YE, Hazumi, lizuka, Mukaida, Nakayama 23]

» Stable point exits between repulsive and attractive region.

Potentially suppress “background” for new force search at O(um).
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Outline

1. Casimir force with Weyl semimetal



Weyl semimetal

* Weyl semimetal (WS) effectively provides 6 = b
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Each node has opposite chirality
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From [Amitage+ 17]

* Described by axion electrodynamics with spatial gradient:




Dispersion relation
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» Dispersion relation modified by b.
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* Polarization vector also modified by b.
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W = ﬁ (/IKZZ, iAok, — kxkzi) where A = + /— for right/left movers.

(Here + corresponds to the solutions with k")



* Consider WS between metals and vacuum.

Lifshitz formula
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Spectrum given by solutions of
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» Casimir free energy per unit area given by
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By complex analysis this is given by
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(Picking up poles of - log (1 — ri(w)e**?) gives the original summation.)
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Casimir force with Weyl semimetal

* Casimir force with WS: repulsive to attractive by increasing 6.
[Wilson+ 15; YE, Hazumi, lizuka, Mukaida, Nakayama 23]
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Casimir force with Weyl semimetal

* Casimir force with WS: repulsive to attractive by increasing 6.
[Wilson+ 15; YE, Hazumi, lizuka, Mukaida, Nakayama 23]

Zero force point: stable.  vacuum —> 7 vacuum
z
—d—a —0 0 a g
0.4 | l | | I I | 04 l | I ]
T=300K, ab=1 —— T=300K, ab=1 —— ,
0.35F T=100K, ab=1-=--- . 0.35| T=100K, ab=1 ===-- pe
0.3 [J=300K, ab=10 1 0.3 [T=300K, ab=10 s
T=100K, ab=10 T=100K, ab=10 g
025} - 025} _
Ty 0.2 b=leVasum™| 1 \° 0.2 :
L 0.15| 4 LW 0.15}F 4
0.1 stable zero force T 0.1F -
0.05F J - 0.05} .
0f ol
-0.05 ! l 1 1 1 1 1 1 1 -0.05 I I I I
o 1. 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5



Outline

2. New force search



New force search

* New long-range force search done for different scales, including O(um) .

Region
excluded by experiments

IUPUI (2005-2007)
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* Casimir force: “background” for new force search at O(um) ~ O(eV).

Zero Casimir force offers a new possibility.

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



Stable point for new force search

» Casimir force can be suppressed with the Weyl semimetals.
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[YE, Hazumi, lizuka, Mukaida, Nakayama 23]
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* Weyl semimetal provides axion electrodynamics with 8 = b -

Summary

» Casimir force has stable zero point with Weyl semimetal.
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