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Introduction: The axion story
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Experimental Tests of the ‘“‘Invisible”” Axion . .
Detection rates for “invisible”-axion searches

P, Sikivie
Physics Depavtment, University of Flovida, Gainesville, Flovida 32611 P. Sikivie
(Received 13 July 1983) Physics Department, University of Florida, Gainesville, Florida 32611
Experiments are proposed which address the question of the existence of the “invisible” (ReCetivadl.l 3y (955)
axion for the whole allowed range of the axion decay constant. These experiments exploit Experiments are described to search for axions floating about in the halo of our galaxy and for ax-
the coupling of the axion to the electromagnetic field, axion emission by the sun, and/or ions emitted by the sun. Expressions are given for the signal strengths in these experiments.

the cosmological abundance and presumed clustering of axions in the halo of our galaxy.
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Introduction: Axion detection experiments

And others...
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Introduction: scalar field dark matter

1 | ~ R
Ling = _chbwngquu — §9¢W¢(E2 - B?)

(

scalar-photon coupling constant

* ¢ is a dilaton-like scalar field motivated by e.g. string theory
* Are axion-search experiments sensitive to the scalar-photon coupling g, ?
* How to maximize the sensitivity of these experiments to g,,,,?

* New experimental techniques for searching scalar dark matter with the
dilaton-like interaction?
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Theory: scalar-photon interaction

1, = - 1 - - o </
L= —(eE* — =B?) + —gg,,$(E* — B?) ¢ = Re[pe!PZ—w)] bo = 2ppm % local DM
2/ ) 2l : My density
. : t : I plane-wave t ,
dielectric  magnetic scalar photon : scalar field
- _ _ solution
constant  susceptibility  jnteraction mass
Modified Maxwell equations E, and By are static background electric and magnetic fields
V(B4 9orn9E) = 0| V- (eE) = py
V X (BB + gpyy@B) — O4(€E + gpyy9E) = 0 V x (u™'B) — 0y(cE) = Jo
VxE+8,B=0
S effective charge and current densities
V-B=0

Py = —GpyvyV - (¢EO) ;
j’d) = Gy E00tP — gpyyV X (¢ Bo)
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Theory: Scalar-photon transformation

Photon signal power

-
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Compare with the power of axion-photon transformation
[P. Sikivie, Phys. Rev. D 32, 2988 (1985)]

92 PDM
Paxion Spian d3k5 E —
1672%¢ / (IF] = w)

2
P — Ypy~PDM /dgk 5(’}2‘ — w) / A3 M P—k)T 2 o [EO + EX éo]
V

0]

/ By PR Tz o By — 8 x
.

|. Samsonov 6 of 14



Theory: Scalar-photon transformation (E,=0)

_ ngbwpDM

P
1672%€

/d3k S(|F] — w) / BB Fy By
Vv

* $=1073 is the velocity of DM particles
B x By|? = B?B2sin® 6
* 32=107%is the suppression; sin?8 is responsible for signal modulation

» CAST experiment searches for axions produced in the Sun with =1

* CAST experiment is equally sensitive to both axions and scalars
thermally produced in the Sun!
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Results: Limits from CAST Experiment
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Derived from Ref. [CAST Collaboration, Nature Physics 13, 584 (2017)]
with a graphical accuracy
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Theory: Transformation in a resonant cavity

Axion signal
[Sikivie 1985]

Signal power volume
1 2 2 /
Paxion — _gaqquMBo VCaQa
mg T

Form factor quality factor

- 5 12
Jy dx By By

Y BV [, BzeE, - E,

Scalar field signal power in a cavity

with electric E; and magnetic B, fields
1

P= m—¢g§5’y'prM(B(2) + Eg)VCaQa
Q, is quality factor and C_ is the form
factor

2

L | e By Ba+ By B
Ca — — — — —
(Bs + EG)V L [, d3x(u='B, - By + €Ey - E,)

E, and B, are eigenmodes of electric and
magnetic fields in the cavity
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Theory: Transformation in a resonant cavity

Cavity permeated by magnetic field B,

Cavity permeated by electric field E,

1 2 2
P= m—¢g¢77pDMBo VCaQaa
L L2
1 |fv d3z e’P'Z B, Ba‘
Co = —5 I
4 2 )
P =13 x 10°W ( hialel ) (3“ev) DM
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Results: Constraints from ADMX

1 :
B AREEERREY i

(EXXZXXXX
(XXXXEEEE/
(XXXXEEES:
£ EXXXXZRLES
tetttetet
tretttttt
retttetee
reettttte
ettt
tre4000010
teeeettee
X EXXISS2]
teetetecs
 FEXIXTXLL]
EEXLEILE ]
(RA233323;
XXIXRAA L
(XXX ERRAR
(EXESALRA
) REEREELAL]
i S ERREES R RN

10—12

Q

ADMX cavity scalar field form factor C,,

1078

Q

ADMNX sidecar scalar field form factor Ca
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Results: Cavity resonators proposals with
maximized form factors to the scalar field DM
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Results: Proposal for a broadband detection

with a capacitor

Estimated sensitivity of such experiment
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Effective polarization Py = g¢v~@E0 £ Molecular Capacitor experiment
%0 spectroscopy
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Signal is AC voltage <V¢> = Gy €

R. Oswald et al. arXiv:2111.06883 [hep-ph].

Applied voltage Vo ~ 600 kV
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Summary

 Calculated the power of photon signal from scalar photon
transformation in a resonant cavity

* New limits on the scalar-photon coupling constant from re-purposing
the results of CAST and ADMX experiments

* Proposals for cavity experiments with maximized sensitivity to the
scalar field dark matter

* A capacitor-based broadband experiment is proposed
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