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Photonic Haloscope Equations in terms of Auxiliary Fields
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The emergent electric field (EEF) is a fictitious electric field acting on conduction electrons through the Berry phase mechanism.
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POYNTING THEOREM

* The basic conservation law for electromagnetic energy (EM)
* Detines the balance of EM Complex power given 1) Sources, 2) Storage, 3) Dissipation, 4) Radiation
» The direction and density of EM power flow at a point is defined by the Poynting vector, §(t) [W/m?2]

Instantaneous Poynting vector

Sl(t) = —El(t) X B l(t) — 5 <Ele—]a)1t + Eike]a)ﬂ) X — <Ble—]a)1t 4 Bike]a)lt>

Ho 214
! ! P
= —Re (E, B} ) + =—Re (E, X B, e7"),
214 214
Go=L[ s0a=L[ [Lr (E XB*>+1R (E, xB,e-%) | dr = LR (E, xB;)
= — =—| |[=Re —Re e = —Re
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POYNTING THEOREM

* The basic conservation law for electromagnetic energy (EM)
* Detines the balance of EM Complex power given 1) Sources, 2) Storage, 3) Dissipation, 4) Radiation
 The direction and density of EM power flow at a point is defined by the Poynting vector, S(¢) [W/m?]

Instantaneous Poynting vector

Sl(t) — —El(t) X B l(t) — <Ele—]a)1t + E*e]a)ﬂ) X — <Ble—]a)1t 4 Bike]a)lt>
Ho 2 1 244

1 1 P

— _— Re (Ele*) - — Re (E, x B, e721),
2y 2y

T o T '1

(7. 1 1
(S == Sindi=—| |SRe (E1 x B;k) +Re (E, x Be ") | di = —Re <E1 " Bf)
J() JO L |

ﬂ»—t

Complex Poynting vector

* The corresponding phasor form of the Poynting vector

1 1
S, =—E; xB* and S§* =—E*XxB,,
2,“0 2

Re (S;) =—(Sl+S*) and jIm (S )=—(SI—S*)

/ X

Time Average Power Reactive Power
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P =—Re<JE (E x H*) - ds
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Average radiated power outside volume



Sensitivity of a Resonant Haloscope

1
P =_Reﬂﬁ (E x H*) - ds
2 Ty

Average radiated power outside volume

1 |
S =—FE,; XB¥ and §* = —E* X B,
24 24
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Average radiated power outside volume

1 1
S=—E,; xB* and §* = —E* x B,
2 2
e vV.S=_Lvy (E, X B¥) = L o (VXE,) ' (V X B¥)
_2Mo 1 1 _2Mo 1 1 2 1 1
——JvMi-H*dV 1 1 1
V.S$%=—V.(E*xB)==—B, - (VXE*)——E* (VxB)
2 2 2p

On resonance: Real part of Complex Poynting Theorem = 0O for closed system
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Resonator Measurement: Impedance match; set coupling =1; Take Photons from Source
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Source Resonator :: Match Real Power Measurement, Absorbs Energy: P, = IR, = R_o
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Reactive power does not propagate or dissipate out of the volume of the detector (ie. no loss): Oscillates in and out of volume



Resonator Measurement: Impedance match; set coupling =1; Take Photons from Source

- Qe
Ia Q R, :: Coupling :
Co - Circuit :
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S ::  Impedance Real P M t, Absorbs E .p —pr =10
. ource . Resonator :: Match eal Power Measurement, Absorbs Energy: P, = [; O_R—O
.......................... e
ZL|< 0.C, s wlc
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Impedancef
v ieeserensen.. ... Mismatch .
Reactive Power Measurement, Does Not Absorb Energy:
Left eg. Inductive couple SQUID Amplifier (Current of Mag Flux) Energy oscillates between Source and Capacitor

Right eg. Capacitive coupled High Impedance Amplifier (Voltage) Do not destroy photons

Reactive power does not propagate or dissipate out of the volume of the detector (ie. no loss): Oscillates in and out of volume

Does not need to be the order of the Compton wavelength in size (sub wavelength phenomena)
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AC Frequency AC Power

DC

*UPLOAD

*Use a mode 0 as the background “magnetic field” AC source

Photon 1: E field of cavity’s * Two modes in one cylindrical cavity

resonant transverse magnetic | o
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AC Frequency: Excite two modes: Measure f1 Frequency Fluctuation Spectrum

AC Power: Excite fo: Measure f; Power Fluctuation Spectrum













20K > 4K
(H) = kgT

Q~ 13,000 -» > 20,000,000
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. i ] ] IS expanded from one parameter to three
-> Further Modifications to Axion Electrodynamics P P

-> Can test the existence of Magnetic Charge through Axions Sayy (gayy’ 8aEM> 8aMM)
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Calculate Form Factors for Resonant Experiment with Static and Time
varying Background Electric and Magnetic Fields -> Poynting Theorem

Reactive Experiment with Static Background Electric and Magnetic Field ->
Imaginary Poynting Theorem

arXiv:2306.13320v1 [hep-ph] 23 Jun 2023



SENSITIVITY OF AXION RESONANT HALOSCOPES UNDER DC MAGNETIC FIELDS

O S V20,

w, U  €o(ay) [— ®, €o(ay)C [—
P,=P,= L] 0 JBO -Re(Ey) dV + g.py \/OEQO JBO - Re(B) dV
1

paneOCSVI
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a

Form Factors
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SENSITIVITY OF AXION RESONANT HALOSCOPES UNDER DC ELECTRIC FIELDS

PL1€0C 3Vl

\ﬁ = \/ 0,0U, = (8aMM\/ Cramm gaEM\/ ClaEMm)<aO>EO\/ 0,016V = (8aMM\/ Clamm gaEM\/ ClaEMm)EO\/

Wy

Form Factors
([E, - Re(E,)dV)’ ([E, - Re(B,)dV)’
E3V, (B, -B¥dV
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SCALAR DARK MATTER: ELECTROMAGNETIC TECHNIQUES
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