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High-level Summary
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Axion, ALPs and Axion Electrodynamics

Axion introduced to solve strong CP problem
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Axion introduced to solve strong CP problem 6
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Axion-like particles (ALPs): generic shift-symmetric CP-odd scalar

1
Larp D §m§a2 + L
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Axion, ALPs and Axion Electrodynamics

Axion introduced to solve strong CP problem 6
d, ~ 107 "0 e cm
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Axion-like particles (ALPs): generic shift-symmetric CP-odd scalar

1
Larp D §m§a2 + L

Motivations: @) One of ~few concrete predictions from known  Svreek&Witten (2006)
. Arvanitaki et al (2009)

String compactifications (string axiverse) Stott et al (2017)
b) ALPs as Dark Matter from misalignment (HZ"";X;SO”&La”gaC"er
c) Technology to search for ALPs exists
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Axion, ALPs and Axion Electrodynamics

Axion electrodynamics: LD 9&477 a FF = —Ja~y~ aB - B

4 oannina, June 29 2022
Sebastian A. R. Ellis — Heterodyne Detection of Axion Dark Matter in SRF Cavities




Axion, ALPs and Axion Electrodynamics

Axion electrodynamics: LD 9a4w a FF = —Ja~y~ aB - B

V-E=p—g.,-B-Va
VxB=0E+J—- g, (EXxVa— Boa)

Maxwell’s new and
improved Equations
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Resonant Axion Searches

Presence of axion dark matter ~ effective current
Jet (1) ~ Gary Bo(t) /Poy COsmat = Ba(t) o< Jogg (1)
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Resonant Axion Searches

Presence of axion dark matter ~ effective current
Jet (1) ~ Gary Bo(t) /Poy COsmat = Ba(t) o< Jogg (1)

Axion-induced magnetic field induces an EIM.F: &, ~ V2/3 0: B,

g 82 a I a
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& R T 5 Wsig Mg

1/7'a ~ ma<02> 1/Tr ™ wsig/Qr Qo ~ 1/<U2>
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Resonant Approaches
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Resonant Approaches

Static-field Haloscope:
e.g. ADMX
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Resonant Approaches

Static-field Haloscope: LC Resonator:
e.g. ADMX e.g. DM Radio
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Resonant Approaches

Static-field Haloscope:
e.g. ADMX
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Heterodyne Resonator: LC Resonator:
e.g. DM Radio

—1/3 _ —
Wsig ™~ WO = T1g |4 / Wsig — Mg — WLC

JHEP 07 (2020) 088, hep-ph/1912.11048
A. Berlin, R. T. D’Agnolo, SARE, P. Schuster, N. Toro,
C. Nantista, J. Neilson, S. Tantawi, K. Zhou BO

Also: R. Lasenby hep-ph/1912.11467
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Axion Resonant Frequency Conversion

Superconducting RF Cavity

W1
med Wo wo ~ w1 ~ GHz
Qint ~ 107 = 1012
M
L1 LO
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Axion Resonant Frequency Conversion

Superconducting RF Cavity

ma{ Z; wWo ~ W1 (wH~
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Superconducting RF Cavity

=9 |

Wo ~ W1 GHz
Qint ~ 107 = 1017

Tunability:
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Degeneracy:
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Axion Resonant Frequency Conversion

Superconducting RF Cavity

ma{ Z; wWo ~ W1 (wH~
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JHEP 07 (2020) 088, hep-ph/1912.11048 Broadband:
A. Berlin, R. T. D’Agnolo, SARE, P. Schuster, N. Toro, Phys.Rev.D 104 (2021) 11, L111701, hep-ph/2007.15656

C. Nantista, J. Neilson, S. Tantawi, K. Zhou A. Berlin, R. T. D’Agnolo, SARE, K. Zhou
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All Noise Sources
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All Noise Sources
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All Noise Sources
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All Noise Sources
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Experimental precedent

1.3 GHz

2.6 GHz

5 GHz

1.3 GHz - after heat treatment
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Experimental precedent

Mode rejection:

€ =107 achieved

gr-qc/0502054 Ballantini et al.
physics/0004031 Bernard, Gemme, Parodi, Picasso
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https://indico.physics.lbl.gov/event/939/contributions/4371/attachments/2162/2915/DarkSRF-Aspen-2.pdf

Signal to Noise

o'e 2
Roughly: (SNR)? :tim/ dw ( SSig(w)))
0

Snoise (W
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Signal to Noise

o'e 2
Roughly: (SNR)? :tim/ dw ( SSig(w)))
0

Snoise (w

Thermal noise dominated: SNR ~ Fom 4
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Signal to Noise

: 2 4 ~ Ssig(w)
Rough‘y. (SNR) — tmt/() dw (Snoise(w
- - Pom V.
Thermal noise dominated: SNR ~
M, W1

Comparison with LC resonator:
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Prototype R&D FUNDED at SLAC

[requency = myg/2nm

kHz MHz GHz
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Prototype R&D FUNDED at SLAC
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Prototype R&D FUNDED at SLAC

[requency = myg/2nm
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What about GWs?

Gravitational interaction with Electromagnetism:

1

SEM = /d4ﬂi‘v —J <_ZQMQQVBFuuFa5 =+ QW/JMAV>
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What about GWs?

Gravitational interaction with Electromagnetism:
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What about GWs?

Gravitational interaction with Electromagnetism:
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What about GWs?

Gravitational interaction with Electromagnetism: 2 !
]- Gertsenshtein effect, 1962
__ 4. /4 & ’
SEM N /d X _g <—Z Magy F,UVFC\fﬁ _I_ gMV‘]MAI/> Also Zeldovich 1973
R B(x,t)
Dy = T+ hpe g1 =0/ = DY —t 7T O(th) c.f.axion: L D O(CLFF)
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What about GWs?

Gravitational interaction with Electromagnetism:

| y Gertsenshtein effect, 1962
SEM — /d4x \V _g (_Zglu g BF,UT/FC\lﬁ _I_ g'u' J,UAV> Also Zeldovich 1973
R B(x,t)
Guv = Muw + Py, g =P — RHY el [° O(th) c.f.axion: £ DO O(aFﬁ)

Maxwell’s equations:
782 v 1 UV TO _1 78% LU oy 1% ,uﬁ_
OpF" = —Jg (14 50 | +ha” g — Ou | ShEF™ — ho F®" — hg"F
i _
1%
eft
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Static Haloscope Reach — Monochromatic source
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Static Haloscope Reach — Monochromatic source
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Static Haloscope Reach — Monochromatic source
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Heterodyne Gravitational Wave Signal: Mechanical

Q,,Qn wg — w,,Qn & Lm¥g
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Heterodyne Gravitational Wave Signal: Mechanical

Q,,Qn wg — w,,Qn & Lm¥g
Qm
Slg Ql W1 (‘77316(:}1‘ ‘néneCh| hO EO)2 Veav X { w

g 2 2 WmWgqg
W2 Yo T Ym > g,

If* thermal noise

dominant

haes 5 10—27
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Outlook

- Signal

Oscillating background B-field: Radio-Frequency up-conversion approach

Wsig — W = Mg,

Parametric gain for small axion masses vs. static searches

SNR, Wo £ Mg <Qint > t/2 (TLC ) H?2 < By )2
SNRLC ma QLC T BLC frequency = mg/2n
- | T
Outlook Prototype design underway @ SLAC

_T 12:2 . 50L prototype — 1010 %
Discussions ongoing w/ PBC @ CERN ; - e e €

Discussions ongoing w/ FNAL SQMS e

10-19 SRFE upconversion —10t¢

Similar setup for Gravitational Waves — stay tuned e
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