WAVES IN A BOX:
RESONANT CAVITIES FOR AXION AND
GW DETECTION
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Dark Matter Particles in a de Broglie Volume Today

eV
Galaxy: Npn ~ 10°
mMpM
Universe:  Npy ~ 107° eV

mMpwMm




ALP DARK MAITER IN THE LAB




ALP DARK MATTER DETECTION

Background

but you know exactly the waveform
and the signal is always there




AXION DARK MATTER DETECTION

Cavity




AXION DARK MATTER DETECTION
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HETERODYNE DETECTION

[Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou‘19]
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TWO PROTOTYPES [~ 1 YEAR]
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depends on the background field in the laboratory




GRAVITATIONAL WAVE DETECTION

Projected Sensitivities of Axion Experiments
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LOWER FREQUENCIES

Heterodyne Detection

By # 0
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Mechanical Mode
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Mechanical Mode
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[Caves 78], [Radicati, Pegoraro, Picasso 78]
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MECHANICAL VS ELECTROMAGNETIC
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EXISTING PROTOTYPE
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Proper Detector Frame (PDF) Vs Transverse Traceless (TT) Frame

(Fermi Normal Coordinates)




proper detector frame = laboratory

(t,x,y, 2)

probe wire U = (1,0,0,0)




proper detector frame = laboratory

(t,x,y, 2)

probe wire U = (1,0,0,0)

AVAYA




proper detector frame = laboratory

(t,x,y, 2)
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T gauge = comoving with the wave
(tTT, TTT, YTT, 2TT)

2
TT _ 3 TT _
hog = hgi =0

h h 0

hTT L 6iwg(t—z) h—l_ _}? 0
ij T X -

0 0 0




(tTT, xTT, YTT, 2TT)

1 1 .
trT ~t 4wg(x2—y2) , zTT:x—§$(1—zwgz)h+e

zwgt

. 1w Z W
yTT =Y 29(1—zwgz)h+e 7 2rT 2 4wg($2—92)h+6 gt




T gauge = comoving with the wave
(tTT, TTT, YTT, 2TT)

probe wire
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T gauge = comoving with the wave
(tTT, TTT, YTT, 2TT)




T gauge = comoving with the wave
(tTT, TTT, YTT, 2TT)

Wrong Conclusion

Theorem: jg‘ﬁ,TT =0 No signal

Surprisingly common mistake in the literature
(confusion between 1T frame and laboratory frame)




T gauge = comoving with the wave
(tTT, TTT, YTT, 2TT)

Wrong Conclusion

Theorem: jg‘ﬁ,TT =0 No signal

Doubly Wrong:

]. Impossible to prepare a uniform B-field in the TT frame
2. Even it you could do it, there would still be a signal (wire moving)




GRAVITATIONAL WAVE DETECTION

Projected Sensitivities of Axion Experiments
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SUPERRADIANCE

Signal from:[Arvanitaki, Geraci '12]



PRIMORDIAL BHSs
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f they are DM and are all in binaries (1 year) D ~ 107" pc
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POWER FROM THE SUN

Power i ~ Cconst
dFE |

d_r N i Numlber of

dE 1D gravitons

Signal from:[Weinberg ‘65]



POWER FROM THE SUN

' ~ exp

Blog(E/A)

B <1

Signal from:[Weinberg ‘65]



POWER FROM THE SUN

Signal
P~ 1014 L8 L 1011 o2 | | |
tot =2 0 X 10 A 0°" eV Total emitted power (in gravitons)
Proxp = 012 oV? Power reaching a m-sized

experiment on Earth (in gravitons)

Signal from:[Weinberg ‘635]



POWER FROM THE SUN

Signal

Ptot ~ 0 X 1014 =

S

~ 10! eV?

Pexp = 1012 eV*?

Noise

T
Py, ~TAw ~ eV~ 7

Total emitted power (in gravitons)

Power reaching a m-sized
experiment on Earth (in gravitons)

Thermal Noise In the bandwidth
of the signal (in photons)

Signal from:[Weinberg ‘635]



Noise Power [W]

frequency = m, /21 frequency = m,/2r

Hz kH?z MHz GHz Hz kH?z MHz GHz

il

| 111t

10_16 10—14

11
//
L .
| 2

10—16

10—18

10—20

Noise Power [W]

1022

—24
10 }Zﬂ

IIIIILI]| IIIIILIJ] IIIIlLlI] IIIIIlI]| IIIIILI]| IIIIILI]I IIIIILIJ] IIIIlLlI] IIIIIlI]| IIIIILI]| IIIIIL|]| IIIIILIJ] IIIILLlI] IIIIIH]| IIIIILI]|

10_32 NN | Lol | IIIIIII| | Ll | | IIIII| | Lol | Ll 10_26 [N | IIIIIII| | IIIIIII| | LIt | L L1l | | Ll | IIIIIII| | L Ll | IIIIIII| |
10—14 10—12 10—10 109 106 10— 14 10—12 10—10 109 106

mg |eV] mg [eV]

€E1d — 10~ 7 Q — 1012 €E1d — 10~ 5 Q — 1010



Signal and Noise PSDs: Scanning Signal and Noise PSDs: Non-Scanning
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Figure from PDG and C. O'Hare

https://doi.org/10.5281/ zenodo0.3932430.
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Figure from PDG and C. O'Hare

https://doi.org/10.5281/ zenodo0.3932430.
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CASPER

a —
H ~ o-F
mea

SQUID T Bext
pickup
loop
e

Without the axion you have a magnetisation component
- precessing around B (Larmor frequency)
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ALP DARK MAITER IN THE LAB

INn each experimental bin we are summing over a multitude of plane waves
with different phases
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ALP DARK MAITER IN THE LAB

INn each experimental bin we are summing over a multitude of plane waves
with different phases

a9

a1

a(t) = ag -cos (ma (1 | vj) t + ¢1) + cos (ma (1 | UE) t -+ ¢2) +

~ ag cos(mgt + @) [cos(dwat + @) + ...]

6
1 10 Effectively: very slow modulation of an
my approximately monochromatic field
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Signal and Noise PSDs: Scanning
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BROADBAND

Signal and Noise PSDs: Non-Scanning
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GRAVITATIONAL WAVE SIGNALS

THEORY EXPERIMENT

Primordial Noise-like

PHASE TRANSITIONS, INFLATION, ... Frequency spectrum
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THEORY EXPERIMENT
Primordial Noise-like
PHASE TRANSITIONS, INFLATION, ... Frequency spectrum

L0

paw (W) ~ h*w?
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GRAVITATIONAL WAVE SIGNALS

THEORY

Primordial

PHASE TRANSITIONS, INFLATION, ...

Primordial, but generated Tody
PRIMORDIAL BHs, SUPERRADIANCE




MERGERS

)

Inspiral Merger Ringdown

tnr)
PR &

Stolen from the web
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Rule of Thumb
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GRAVITATIONAL WAVE SIGNALS

THEORY
Primordial DCW o
PHASE TRANSITIONS, INFLATION, ... 00

Primordial, but generated Tody

hcav/hsig z 105
PRIMORDIAL BHs, SUPERRADIANCE

Astrophysical
BHs, NEUTRON STARS, ... w < 10 kHz

(roughly)




