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What does dark matter taste like?

WIMPS Axions Sterile Neutrinos Hidden Sector Pie
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What’s so great about Axions?

Dark Matter
Problem Killer Axion Pie

Strong CP
Problem
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A Few Axion Properties

Cosmological Abundance
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Hunting Axions is like playing a game of Battleship ..o st s s
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Experimental Perspective on DM Axions

Analytic and Lattice predictions of the axion mass, given it makes 100% Dark matter
Cavity Frequency (GHz)

1 10
107
10710 i Astrophysical bounds
% 10" | Other axion 3
O] experiments
: 10-12 | —
= |_[,—L
©
= 13
= 10 ILKFL
Q anyi (201
% 1014 7 e
O onati (2016
c ' ( teros (2016)
£ 107 -
<
16 Adapted from: Gray Rybka
10 2017 J. Phys. G:Nucl. Part. 7
ADMX Phys. 44 124002
-17 . . i . . L
10
1 10 100

. Feb 21,2018
Axion Mass ueV e



o

Pacific Northwest

T h B D MX P NATIONAL LABORATORY
e ro g ra m Proudly Operated by Battelle Since 1965

= AXION DARK MATTER EXPERIMENT

Goal: Find Dark Matter axions, or
exclude them at high confidence
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How to Search for Dark Matter Axions
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The Axion Haloscope
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Field Cancellation Coil

SQUID Amplifier Package

Dilution Refrigerator

Antennas

8 Tesla Solenoid Magnet

Microwave Cavity
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ADMX Design: Reducing Noise

Top Plate

ADMX Tunable MSA
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Synthetic Axion Generator

Synthetic RF signals are be generated externally to verify sensitivity and test the detection process

Synthetic Axion through the cavity and receiver-chain Synthetic Axion Generator

F-----ﬁ
—|  Synthetic Signal

! (exaggerated power)

Power (dBm)

697.60 697.605 697.61 697.615
Frequency (MHz)
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Analysis of Software Injected Signals in Real Data

Combined SNR
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Synthetic signals are software-
injected to evaluate analysis.

A KSVZ and DFSZ axion signal (N-
body lineshape) are shown here.

Conclusion:
DFSZ axion signals should be
very clear in analysis if present
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ADMX G2 Operations -

» The cavity frequency is scanned over
a region until the desired SNR is

achieved (645 675 MHz)

» We then examine the combined
power spectrum for signs of excess

» Excess power regions can be
statistical fluctuations, synthetically
injected signals, RF interference, or
axions

to see if they persist

» Persistent candidates are subjected
to a variety of confirmation tests
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Preliminary Sensitivity Estimate

Cavity Frequency (MHz)
640 650 660 670 680 690 700
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7Green: Isothermal halo lineshape
Blue: N-body inspired lineshape
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We could find the axion at any time!
Cavity Frequency (GHz)

1 10
» Currently ADMX is scanning 1o
700-890 MHz _ o |
» We anticipate faster g o ADMX "Sidecar”|
frequency coverage in the ;5 o Experiment
future due to: E; 0 [
3 10|
B Higher magnetic field cé B
B Lower temperatures < 10_16
B Less time spent doing 12_17 2018 Operations (anticipated)

10 100

engineering studies Axion Mass peV

2017 Operations
(Completed)
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Smaller cavity =
higher-mass axion search
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Preliminary ADMX Sidecar 7
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Sensitivity Estimate (data from 2016-2017) ... . e

ADMX Sidecar Limits
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Multi-cavity system designs being finalized.

New technical challenge: Tuning a bunch of cavities to the
same frequency quickly.
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Pacific Northwest National Laboratory (PNNL) <2
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Building ADMX Cavity Frequency Locking System ..o seesicss
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Cavity Frequency (MHz)
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Axions are worth looking for KSVZ ADMX 2004
_ _ _ PRELIMINARY

ADMX Gen 2 is the first and only experiment —

with DFSZ sensitivity in the ideal dark matter 80% Semsity Esimate

Green: Isothermal halo lineshape

axion mass range Blue: N-body inspired lineshape

Axion Coupling lg,,, | (GeV'1) 100% Dark Matter

107 2.65 27 2.75 2.8 2.‘85
In two years, ADMX Gen 2 will be sensitive to Axion Mass (ueV)
. Cavity Frequency (GHz)
dark matter axions up to 8.2 ueV 00 i 0

We will follow that with operations up to 40 ueV

Discovery could come at any time!
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