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Study of Casimir forces
- Computation and experimental setup -
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Casimir forces and possible applications o
New quantum field search
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History of Casimir force research

Force measurement advances Effect of dielectric response Past few years
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Effect of geometry
Active control, many-body

. in liquid
T. Gong, M. R. Corrado, A. R. Mahbub, C. Shelden, and J. N. Munday, Nanophotonics 10, 523 (2021). A
J. N. Munday, KEK IPNS-IMSS-QUP joint workshop Feb. 8-10, 2022, [Nature, 597, 214 (2021)]
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How large is Casimir force?

108
_ _ E 106 Calculation
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Propagation and evanescent waves

The propagation wave goes away from the electromagnetic source.
The evanescent wave stays around the electromagnetic source.

Propagation wave
' (Far-field)

Source of
electromagnetic Second body

waves

> __.__.__..! |arises from the evanescent
- - wave contribution.

Evanescent wave
(Near-field)

The Casimir force dominantly}




Our Casimir force research

Particle physics Fundamental understanding Toward industry
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Outline

Casimir force computation



9/19
Weyl semimetals for Casimir forces

Non- remprocal materials Proposal of QUP:
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Challenge in Casimir force computation

Casimir force computation, in principle, needs very

wide frequency range of material permittivities. :
{To converge the computation |
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Accurate computation is possible!
Suppose available material permittivities up to cutoff frequency w.,.
The Casimir force can be accurately computed for the distance range

271C N-pole Lorentz-Drude model
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Case |, Isotropic material (typical metal)
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Case II, Weyl semimetal
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xl-» The Casimir force is
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Cancellation of force components in high frequency ™"

In high frequency range, Casimir force components have positive and negative
values, resulting in cancellation and negligible contribution.
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Outline

Status of experimental setup
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Experimental setup of Casimir forces

Our Casimir force experimental setup is going on
in the QUP satellite of Toyota Central R&D Labs.

Laser spot on the cantilever Vacuum chamber, 107 Torr
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Collaborator: Prof. Pramod Reddy
(Univ. Michigan)



Strategy toward new force search HiS
Step 2 target:

3-order improvement via Step 1:

-Lock-in amp. Reproduce PRA 2000 result (Dec. 2025).
-Materials PHYSICAL REVIEW A, VOLUME 62, 052109

etc.

Step 1

Precision measurement of the Casimir force using gold surfaces

B. W. Harris, F. Chen, and U. Mohideen
Regi on Department of Physics, University of California, Riverside, California 92521
(Received 19 May 2000; published 17 October 2000)

excluded by experiments

\\ Washington

FIG. 5. The mgasured average Casimir force as a function of
plate-sphere separption is shown as squares. For clarity, only 10%

EEE=EE=S=EXZ==S===S=S=S=ESES=E=SE===wC of the experimenfal points are shown in the figure. The error bars
EEE— EEEE— EE— e represent the stantard deviation from 30 scans. The solid line is the
1 0_? “]0_E 1 0_6 10_4 theoretical Casinlir force from Eq. (2).
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FY2025
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Conclusions
A Casimir force computation method has IR 2
been presented for plate materials that lack s 7 eee
their permittivities in high frequencies. ==
= Reali [ € [t we

wC
Frequency o

H. lizuka and S. Fan, Phys. Rev. B 110, 235409 (2024).

The experimental setup for Casimir force
IS going on.
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