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Axions as Dark Matter: Targets
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Resonant Axion Searches

Axion electrodynamics: £ D gaf aFF=—g,aE B

VOE:’O_QGJ’Y’YB.V& Maxwell’ d
v X B p— 8tE _|_ J _ ga/')/"y (E % va . Bata,) improved Equations

\/2
Axion dark matter: a(t) ~ WfDM cos(mqt + )

Jeft(t) ~ Garyy Bo(t) /Poy COSMat => Bg(t) oc Jog(t)
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Resonant Axion Searches

Axion-induced magnetic field induces an EIM.F: &, ~ V2/3 o: B,

2
AN % min(l, E) ~ w2 BV min ( @ : Qa)

Ty >1S Wsig Mg

1/7_a ~ ma<v2> 1/7_1‘ ™~ wSig/QI‘ Qa ~ 1/<”U2>

Maximise: wsig, Ba, V

@ WARNING Cavities,LC: B, ~ J.gV1/?
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Resonant Approaches

Static-field Haloscope: LC Resonator: Heterodyne Resonator:
e.g. ADMX
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Allowed mode transitions

Cylindrical cavity modes:  TM,,,,, TE np

Axion allowed transitions: 1 X / Eik ' BO 7é 0
V

MAXIMISE
spin-0: Mg = M

pseudoscalar: pg + p1 = odd
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Scanning Axion Resonant Frequency Conversion

Superconducting RF Cavity
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Axion Signal

Signal Power Spectral Density (PSD):

w? dw’ . ,
Susl0) = S Gy M0 BV gz [ 755 (6 = ) S () Sl — )
. 2 1 Powm
Axion PSD: (a(t)”) = (22 /dw Sa(w) = m?

Background magnetic field PSD: 7o be discussed further...

S, (w) = 7 (5(w —w;) + 0(w + wz)> - Séfhase) + Séjnech)

NB: BZ-_\/V1 Bl Bi(nt) = Bi(x) bi(t)
cav J V.,
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Standard Noise Sources: Thermal Noise

Power Spectral Density:

_ (1 Al (Ww1/Q1)2
Qint (W? — w%)Q + (ww1/Q1)?

Sth (w)
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Non-standard Noise Sources: Phase Noise

Loading

&
Readout

Power Spectral Density:

1
Sphase(W) 25 G%d Sp(w —wo)
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Non-standard Noise Sources: Wall Vibrations

Vibrations Power Spectral Density:
E%d wo
Smech(w) ZT @ Pin><
Sgm (@ = w0) /VP/3) (wn/ Q) wh o
Z ( q
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Non-standard Noise Sources: Field Emission

Power Spectral Density:

synchrotron
S (w 1) Prot

~ X
4T 0.1 W

Field Emission Y 10~°% transition

107> Bremsstrahlung,

Limits max B-field ~ 0.2T
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Experimental precedent

Q-factor & B-field:
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https://indico.physics.lbl.gov/event/939/contributions/4371/attachments/2162/2915/DarkSRF-Aspen-2.pdf

Signal to Noise

0 S noise (w

Roughly: (SNR)? = ting /OO dw ( SSig(w)))Q

Thermal noise dominated:

Powm i 2
L W1 (g vy 10 O)

QaQintte H/2
()

Comparison with LC resonator:
SNR  wp +ma (Qim>1/2 (@)”Q ( By )2
SNRMC Mg QLc T Byc
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Resonant Axion Resonant Frequency Conversion

B=0.2T, T=2K, wo=1GHz frequency = mq/2r
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Resonant parameter variations: Q-factor

B=0.2T, T=2K, wo=1GHz frequency = mq/2n
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Resonant parameter variations: mode rejection

B=0.2T, T=2K, wo=1GHz frequency = mq/2n
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Resonant parameter variations: mode rejection

B=0.2T, T=2K, wo=1GHz frequency = mq/2n
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Broadband Axion Resonant Frequency Conversion

B=0.2T, T=2K, wo=100MHz [requency = ma/2r
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Outlook

Radio-Frequency up-conversion approach

Wsig — Wo = Mg

Parametric gain for small axion masses vs. LC Resonator
SNR  wy =+ m, (Qim>1/2 (@)W ( By )2
SNRLC Mg QL T Byc

SLAC group seeking internal
funding

In discussions for Physics
Beyond Colliders @ CERN

Snowmass LOlI CF2 & AF5

mq [eV]

20 Trieste, June 17, 2021

Sebastian A. R. Ellis — Heterodyne Detection of Axion Dark Matter in an RF Cavity


https://www.snowmass21.org/docs/files/summaries/CF/SNOWMASS21-CF2_CF0-AF5_AF0_Kevin_Zhou-035.pdf

Outlook
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