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scalar axion field and ga�� is the model-dependent axion-
two photon coupling constant. The two primary models
for axion-to-photon coupling are known as KSVZ (Kim-
Shifman-Vainshtein-Zakaharov) [14] [15] and DFSZ
(Dine-Fischler-Srednicki-Zhitnisky) [16]. KSVZ couples
only to hadrons, whereas DFSZ couples to both hadrons
and leptons. These have values �0.97 and 0.36 respec-
tively. DFSZ couplings are about a factor of 3 weaker
than KSVZ couplings, so require greater experimental
e↵ort to detect. Therefore, reaching the DFSZ sensitiv-
ity has been a long sought after goal of axion experi-
ments. The application of inhomogeneous magnetic field
provides a new channel for axions to decay into a pho-
ton, whose frequency is given by, f = E/h where E corre-

sponds to the total energy of the axion with contributions
primarily from the rest mass energy and a small kinetic
energy term and “h” is the Plack’s constant. This is
known as the Inverse Primako↵ E↵ect. The conversion
is expressed by a Feynmann diagram in (Fig. 1).

In 1983, Pierre Sikivie introduced the axion haloscope,
which uses a large density of virtual photons from a
strong static magnetic field to allow the galactic axions
to convert into real photons inside a microwave cavity.
When the axion’s frequency matches the resonance fre-
quency of the microwave cavity, the conversion rate is
enhanced to detectable levels. The power deposited in
the cavity due to this conversion is given by,
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FIG. 1. Feynman diagram of the inverse Primako↵ e↵ect. An
axion a converts into a photon � by interacting with a virtual
photon �

0
in a static magnetic field B through fermionic loop.

The coupling constant is denoted by ga�� .

Here, V is the volume of the cavity, B is the magnetic
field, Cnlm is the form factor of the cavity, ⇢a is the local
dark matter density, fa is the frequency of the photon
and Q is the loaded quality factor of the cavity. The form
factor is defined as the integral of the overlap between the
electric field of the cavity transverse magnetic mode and
the external magnetic field generated by the magnet [17].
For any given mode in an empty cylindrical cavity, the
TM010 mode has the highest form factor and the cavity
radial dimension corresponds to approximately one-half
of the photon wavelength. In practice, the geometry of
the cavity is more complicated because of the presence
of tuning rods, so simulation is necessary to understand
the form factor.

From Eq. 5, it is clear that experimentalists have sev-
eral handles which can be used to optimize the power
extracted by the receiver. Cavity volume, magnetic field
and quality factor can all be maximized, whereas the re-

maining parameters (g� , ⇢a) are fixed by nature. The
signal-to-noise ratio (SNR) is defined by the Dicke ra-
diometer equation [18]:

S

N
=

Paxion

kBTsys

r
t

b
. (6)

Here S is the signal, N is the noise, Paxion is the power
that would be deposited in the cavity in the event of
an axion signal, kB is the Boltzmann constant, Tsys is
the system noise temperature, t is the integration time,
and b is the measurement frequency bandwidth. The
total system noise temperature Tsys is composed of cav-
ity blackbody noise and amplifier noise, which should be
minimized to achieve the highest possible SNR.

III. THE DETECTOR

ADMX is located at the Center for Experimental Nu-
clear Physics and Astrophysics (CENPA) at the Univer-
sity of Washington, Seattle. The ADMX detector con-
sists of several components collectively referred to as “the
insert” shown in Fig. 2. The insert is lowered into the
bore of a superconducting solenoid magnet, which is op-
erated typically at just under 8 T, for data-taking op-
erations. The cylindrical insert (0.59 m diameter, 3 m
height) contains the microwave cavity, motion control
system for the antenna and cavity tuning rods, cryogenic
and quantum electronics, a dilution refrigerator, a liquid
4He reservoir, a bucking magnet and the Sidecar cav-
ity and electronics. The insert is designed such that the
field sensitive quantum amplifiers, switches and circula-
tors are housed in a field free region, with a volume 0.22
m height by 0.15 m diameter, provided by a bucking coil.
The cavity is inserted concentrically in the magnet bore
to maximize the form factor. The insert also involves
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ADMX-G2 Run 1C
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Run 1C range
~800 - ~1020 MHz

Period:  
October 2019 - May 2021→ 2x  

Fall 2021 -  → 1x  

Frequency range:  
~800 - ~1020 MHz 
→ The widest run period 
    (for DFSZ search) 
Typical System Noise: 
600 mK (incl. Cavity→JPA atten.) 
  We will improve it during  
  summer maintenance.
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Improvements on Operation
Utilizing  (S. Al Kenany, 2017) 
→ ~20% speed up

β = 2
df
dt

∝ SNRI2

Insensitive to outlier 
Using mean of last 5 measurements 

June 2020 April 2021

Optimize JPA rebias algorithm 
→ 3 times efficient 
→ 30% increase of digitization time

Rod speed calculation is  
automated

β = 2

β = 1
S11
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New Results! (Preliminary)

KSVZ axions 
800 − 1020 MHz

DFSZ axions 
∼ 970 MHz

Preliminary

Sensitivity:
90% C.L.
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New Results! (Preliminary)
Now we are getting into 
post-inflationary frontier! 

Preliminary post-inflationary 
scenarios

(Let me know if your prediction isn’t here)
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Goal: Find Dark Matter axions, 
or exclude them at high confidence
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Summary
- Sensitivity to KSVZ (DFSZ) axions: 

 . 
- Getting into post-inflationary 
frontier. 
- Achieved several improvements 
on the operation. 
- Candidate inspection method 
is quite solid.

800 − 1020 MHz ( ∼ 970 MHz)

Reported the first Run 1C results! 
We’ll resume data-taking from Fall 2021.

Further details can be seen in Chelsea Bartram’s talk on Friday
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