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Wavelike Dark Matter

GeV

* Local density ppy; = 0.3 p—l but mass unknown

e Ifm < 1 eV: bosonic, non-relativistic, classical wave
* Axion:

* Pseudo-scalar

* QCD axion — strong CP L= e
e Dark Photon:

e Dark U(1), simplest extension of SM
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Phenomenology

* Dark photon generates weak, harmonic electric fields
E ~ e\/2ppy cos(mart)

m A —|— %mA/’U2 —|— “ e
* Axion needs a background magnetic field

F V2PDM T

~ Yayy my Bextcos(mat)



Axion Parameter Space
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Axion Parameter Space
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Electron Penning Trap
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Electron Penning Trap
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Electron Penning Trap
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.~ axial oscillation

- = classical image current

w, ~ 100 MHz



Electron Penning Trap
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Electron Penning Trap

cyclotron motion
/'
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— quantized axial frequency
shifts

W, — Wy + N0

.~ axial oscillation

" = classical image current

w, ~ 100 MHz



Electron Penning Trap
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Electron Penning Trap
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proof-of-principle measurement: background-free over 7.4 days !




Resonant Detection of Dark Photon

nc=2T



Resonant Detection of Dark Photon

W¢
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Scan B-field (0.1 — 2 meV)
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background



Resonant Detection of Dark Photon

Cfc
n,. =1
c T TT
Cnc_o—ﬁéww

Scan B-field (0.1 — 2 meV)
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How to Improve?

* Only dark photon so far. 0B

* For axion, scanning hurts magnetic field: ®c =~
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How to Improve?

* Only dark photon so far.

* For axion, scanning hurts magnetic field:

 Cyclotron transition rate:

2 2
[e < k“(n.+1)€ppy
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2. effects of cavity
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Highly Excited State
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Highly Excited State

 Cyclotron lifetime:

nc+1T
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Highly Excited State

 Cyclotron lifetime:

ne+1 1
nC
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i _I: decayl  * Averaging time needed for detection
N, — 1 =tm must be less than 1,
* “State of the arts”:
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Highly Excited State

 Cyclotron lifetime:
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waveguide
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Axion Projection
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Dark Pho
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Thank You

Stanford University
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Hamiltonian

*Hy = w, (nc+%)+wz (nz+§)

H'= 8 (ne +3) (ne +3)
« [Hy, H'] = 0



Effects of Cavity
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Effects of Cavity
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k% =~ 1600
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Dielectric Conversion Enhancement

 So far, only a thin layer of metal is converting axion

converting metal
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Dielectric Conversion Enhancement

 So far, only a thin layer of metal is converting axion

* What if the entire volume is filled with converting
material?

* Needs to be transparent to photons: dielectric!

dielectric
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Dielectric Conversion Enhancement —  delectric

 So far, only a thin layer of metal is converting axion

* What if the entire volume is filled with converting
material?

* Needs to be transparent to photons: dielectric!

* Layers of dielectrics of alternating indices of
refraction

* Resonance conversion to axion if thickness ~ axion
wavelength

* Limited by size of cavity and how often we switch
dielectrics to scan frequency (once a month)

Baryakhtar et. al [1803.11455]
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Final Design

ext

10 Tesla= A

multilayer dielectric

waveguide
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R =1 meter

can detect QCD axion!
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