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Why axions? GALILIMX

e AXions are a
hypothetical particle
developed to solve the
strong CP problem

* Among other things, emsien, (i dork
their feeble interactions i
make them an ideal oo
dark matter candidate

Viable Theories Natural and Elegant Theories

Source: Ann Nelson, Vistas in Axion Physics 2012
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Axion Parameter Space ©ALMX
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Dark Matter Detection
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The Axion Haloscope
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AXION DARK MATTER EXPERIMENT

144

Power Spectrum
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This axion lineshape
has been
exaggerated. A real
signal would hide
beneath the noise in
a single digitization.
An axion detection
requires a very cold
experiment and an
ultra low noise
receiver-chain.

T

Frequency

Unknown axion mass
requires a tunable resonator
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Classical Analog to the Axion @
\- -. AXION DARK MATTER E'-.PERIMEN.T
Haloscope
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Classical Analog to the Axion @ :
\ -'. ! AXION.DARK MAT;rEl;l E'\.PER.IFAEN.T
Haloscope
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Field Cancellation
Coil

SQUID Amplifier
Package

Dilution Refrigerator

Antennas

8 Tesla Magnet

Microwave Cavity

Tuning Rods

= ~ AXION DARK MATTER EXPERIMENT
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* Cimn-Cavity Mode form factor
e (010 is best for axion searches

* Reducing Ty

Tsys -
e Quantum Amplifier

phys + Tamp

e Dilution Refrigerator
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Tunable Cavity ©ADMX
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Tunable Cavity ©ADMX
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ADMX Receiver-Cold
Electronics

Microstrip SQUID
Amplifiers
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Gain (dB)
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MSA Operations ©ALMX

*  Amplifier package at higher temperature than cavity due to thermal short.
e  Causes distinctive “dip” in noise power at cavity resonance.
e  Typical system noise temperature was ~500 mK.

Example Cavity Noise Measurement
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Expected Axion Lineshape ©ALIMX

Line Shapes For 600 MHz Axion

* Previous searches have 0.003 —
modeled the axion lineshape Maxwell-Boltzman
as a isothermal sphere . 00025 | N-Body ——

I
. . 2 0002 |

* N-body simulations suggest 2
a narrower lineshape o  0.0015

=
_ S 0.001

e Qur analysis searches for 8

both 0 0.0005
0
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Hz Offset
Adapted from: Lentz et al. Ap.J. 845 (2017)
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Simulated Signals in ~
Real Data )
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e Injected synthetic software
signals to evaluate analysis

e KSVZ and DFSZ axion signals (N-
body lineshape) are shown
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ADMX G2 Discovery
Potential

ALMX

AXION DARK MATTER EXPERIMENT
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2018 Run: Cryogenics ©ADMX

plumbing and heat sinking allowed us

Improvements in dilution refrigerator
to run at lower temperatures

Fridge Temperature (K)

0.1 pomeel .

Feb Mar Apr
Month In Year
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2018 Run: RF Electronics

ADMX Josephson Parametric Amplifier

Yanjie Qiu, Siddiqi Group,

UC Berkeley

Nick Du

Gain (dB)
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Gain Tuning Curves of Operating ADMX JPA

Cavity Workshop
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Run 2018: Blind Injections

Tranzmitted Syrnthetic Axion

\@

=" AXION DARK MATTER EXPERIMENT

Spectrum with Synthetic Axion

Cavity

700x larger than
/ real axion signal



2018 Run: Data S©ALDMX
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DFSZ Figure of Merit (SNR? MHz)
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Higher Frequency Searches

Cavity Frequency (GHz)
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Axion Mass peV See: Joe Gleason (ADMX 2A Cavity Array
Mechanical Design)
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Higher Frequency Searches

Cavity Frequency (GHz)

1 10 100
Axion Mass peV See: Jihee Yang (Reaching the 5-9ueV
Range with ADMX: Multi-Cavity Array)
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Conclusions S©ALMX

* ADMX has achieved sensitivity to DFSZ axions, a
benchmark for QCD axion searches

* Improvements from our previous run have allowed
us to operate with increased scan speeds

e ADMX is in a position to make a discovery at any
time
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You might have an axion signal if... \@

= ~ AXION DARK MATTER EXPERIMENT

e can’t be seen in the room outside of the magnetic field
o persists all the time

o follows the lorentzian lineshape of the cavity

e is suppressed in non TM010 modes

» scales with the B2 of the magnet

* has a tiny daily and annual frequency modulation
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