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The identification of the missing dark matter in galactic halos and clusters remains
one of the most pressing and important problems in astrophysics. | shall describe
the ongoing search for the QCD axion, an alternative dark matter candidate, with
the ADMX2 detector in Seattle. After an introduction to the phenomenology of
axions and a description of the experiment, | shall summarise recent results and
suggest methods to enhance ADMX2 that may be adopted in the future.



» The Strong CP problem QJ

Standard model symmetry group is SU(3) x SU(2) x U(1)
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Evidence for CP conservation in the SU( ) strong interactions
from multiple measurements of neutron and nuclear electric
dipole moments. For example, neutron EDM < 1026 e-cm.
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Even simple dimensional arguments
show that this is unexpected. Why do
the intricate SU(3) QCD interactions
conserve CP when the less intricate
SU(2) QED interactions do not? This is
the strong CP problem.
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The axion is a pseudoscalar; has the
same quantum numbers as the 7
and the same interactions, but with
strengths scaled to the axion mass
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[1] K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014) and 2015 update
2016 revision by A. Ringwald, L. Rosenberg, G. Rybka,
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Detectors

alumina tuning rod

(a dielectric)

copper coated
stainless steel

(a metal)

> from above with lid removed.
50cm )
Depth is 1m.
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Incoming axions convert into quanta of excitatio

TM modes of the cavity. Equilibrium between axi
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stimulated excitation of the mode and spontaneous
de-excitation due to thermal relaxation. Equilibrium
population controlled by axion conversion rate, cavity Q
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Expected signal power ~ 10722 W
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AM Radio =
Double Heterodyne Receiver
10.7 MHz 35 kHz
J\
I I
Integration: 8 msec FET 50 sec
Resolution: | 125Hz 0.02 Hz
Maxwellian Fine-Structure
i A
e ~—
AE/E ~10-17
—> -«
——
AE/E ~ 106
High-resolution channel for
non-thermalized axions
« Improved search sensitivity
« “Movie” of galactic formation «>
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S Unversity Cold Low-Noise Amplification
’Yiy (S)lflefﬁeld. 1St Stage RF SQU'D

2nd Stage: Balanced HFET amplifier
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 Currently HFET amplifiers
(Heterojunction Field-Effect Transistor)

— A.k.a. HEMT™ (High Electron
Mobility Transistor)

— Workhorse of radio astronomy,
military communications, etc.
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First Probe of sub-DFSZ coupling halo axions!



&) i New approach: Digital @
Resonant feedback

Maybe the resonant structure doesn’'t have to be in the cavity.
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For high Q, but without oscillation, need servo control of the
open loop gain so that it is marginally less than 1. Advantage
of this method is that many resonators can run in parallel.
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Hurrymg it Along
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Mitch Perry (Sheffield
B.Sc. 2017)
at Sheffield.
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M agnet FIELD LABORATORY
[Florida]

Bore of 16cm In diameter - sensitivity
to higher mass axions. 247 static field.

Bucking coils for field free region Pm, |<—

o0cm above the main magnet \

High Temperature
Superconductor Coils: \ 2.5m
44 modules of YBCO tape

Niobium Tin (NbsSn) coils

e Niobium Titanium
(NbTI) coils
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e Axion dark matter is wel
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motivated.
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« ADMX is probing DFSZ halo axions already!
* Coverage of the full plausible mass range
challenging. Bigger magnet would help, but £££.

* Resonant feedback offers a potential solution.
* Proposed UK contribution [Daw, Bailey]:

% Build and test a prototype resonant feedback system.
% Model the resonant structure, assess form factor.
% Deliver the prototype for testing with the ADMX cavity.

e Seedcorn money from UofS Is getting this started.

* |ots to get involved with!
e Sheffield, Lancaster (lan

RF, software, FEM
Bailey) already working.

 Maybe we will detect axions! | certainly hope so.



