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The axion is a hypothetical particle arising from the Peccei-Quinn solution to the strong-CP
roblem, and an excellent candidate for dark matter. The Axion Dark Matter Experiment (ADMX)
is an experiment that searches for axions as a dark matter with a resonant cavity under a strong
superconducting magnetic field. In previous operations, ADMX achieved sensitivity to the GUT-
inspired DFSZ axion model between 2.7-3.3 ueV with yocto Watt level background using a
quantum amplifier and dilution refrigerator. The latest run has been in data-taking since 2020. In
this run, we have improved our blind axion signal injection, improved our operating efficiency,
and have new methods to distinguish true axion signals from the background. I will discuss these
advances as well as the current data-taking status.
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Operations and Data Taking Status of ADMX

The axion is a hypothetical particle introduced to solve the strong-C P problem [1-3], and one
of the most promising candidates of dark matter [4—7]. The axion emerges as a Nambu-Goldstone
boson by cause of the global U(1) axial symmetry (Peccei-Quinn symmetry) breaking at the early
universe. Depends on the symmetry breaking scale, there are several mass predictions, though
most of the mass predictions lie between O (1-100) peV [8—19]. The axion has a coupling to two
photons, and the numerical values are represented by two benchmarks, the Kim-Shifman-Vainshtein-
Zakharov (KSVZ) [20, 21] and Dine-Fischler-Srednicki-Zhitnitsky (DFSZ) [22, 23] models. Due to
the axion-photon coupling, the existence of axion fields modifies Maxwell’s Equations and produces
a effective current, Jef = g4y B0;a, where B is the magnetic flux density, g4, is the axion-photon
coupling constant, and a is the axion field. The frequency of the effective current matches to
E./h ~ mg/h, where h is the Planck’s constant, E, and m, are energy and mass of the axion.

Several direct detection experiments with the axion-photon coupling and a resonant cavity
have succeeded in searching for the axion dark matter, such as HAYSTAC [24, 25] and experiments
at CAPP [26-28]. Axion Dark Matter eXperiment (ADMX) is the first and only experiment that
succeeded in searching for the DFSZ axion dark matter [29-34]. The ADMX apparatus consists of a
resonant cavity immersed in a strong magnetic field, where axion fields are converted to photons and
enhanced subsequently, and an ultra low noise RF receiver chain, which is realized by a Josephson
Parametric Amplifier (JPA) [35] and a dilution refrigerator to minimize both the black body noise
and electronic noise from the amplifier.

The previous operations of ADMX excluded DFSZ axions in the 2.7-3.3 yeV mass range. The
latest operation has been performed from October 2019 to May 2021, which searched for axions
in the 3.1-4.2 peV mass range. Compared to the previous operation [34], we have implemented
several improvements as follows. We introduced scanning with an overcoupling state to increase
scan speed. The scan speed is proportion to 82/(1+ 8) where 8 = Qo/Q., Qo and Q. is unloaded
and external quality factors for a cavity because overcoupling state has a wider enhancement of the
cavity across digitization range. Hence, § = 2 is the fastest, corresponds to a 20% improvement
in the scan speed. The second scan, the scan for significant excesses identified from the first scan,
was performed with S = 1 because those excesses have a narrow width compared to the quality
factor of the cavity. Another improvement was an optimization of the JPA rebiasing algorithm. In
the previous operations, we have performed fine-tuning the bias current and pump power of the
JPA to maximize the JPA performance every four digitizations, which takes around 100 seconds.
However, those optimal values did not drastically change within nearby frequencies. Thus most of
the optimization is unnecessary. Thereby, we introduced the algorithm that performing rebiasing
only if the performance decreased. This improvement made a 20% improvement in the scan speed.

The Synthetic Axion Generator (SAG) signals, artificial signals having Maxwell-Boltzmann
distribution produced by a waveform generator, were injected across the latest operation. A few
SAG operators chose frequencies and the powers, and an independent operation team detected the
SAGs to ensure our axion detection ability. An example of a SAG signal is shown in Figure 1.
The left plot shows the detected SAG line shapes with TMg;o (black) and TMg;; (red) modes,
respectively. The signal was always detected at the same frequency and enhanced at the center
of the resonant frequency. This implies that the signal was in the cavity. The two plots on the
right-hand side show that the impressed magnetic field and the electric fields for TMy; (left) and
TMo1; (right) modes, respectively. One can see that the TMg; has the opposite phase of the electric
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Figure 1: (left) Digitization spectra having a SAG signal for TMg;q (black) and TMy;; (red) modes. The
bottom small plot shows signal to noise ratio (SNR) for the frequencies. The right small plots shows the total
signal power in Watt over 30 bins ahead from the candidate frequency. (right) Electric field distribution for
TMy1o (left) and TMy;; (right) modes evaluated with COMSOL Multiphysics [36]. Electric and magnetic
fields are shown as red and black arrows, respectively. The overlap between the TMy¢ electric and magnetic
field is large and consistent across the volume, while the overlap between the TMy; electric field is of
opposite sign in the top and bottom of the cavity, leading to destructive interference.

field at the top and bottom of the cavity. Thus, induced effective currents by the axion would be
destructively interfered, i.e., axion signal would not appeared in the TMy;;. However, we clearly
observed the signal at the TMy;; in the Figure 2. Therefore, we identified the candidate shown in
Figure 1 is not the axion by this behavior.

From the latest operation, no axion-like candidate was found. Therefore, we set 90% confidence
limits on the axion-photon coupling as shown in Figure 2. The red-colored and lighter red-colored
areas show the limits assuming a boosted Maxwell-Boltzmann distribution [37] with 0.45 GeV/cc
of the dark matter density and a result from N-body simulation with 0.6 GeV/cc of the dark matter
density [38] as the velocity distribution for dark matter axions, respectively. We exclude KSVZ
(DFSZ) axions in the mass range 3.3—4.2 (3.9-4.1) peV. The limit obtained from this work is the
most stringent to date. Figure 3 shows experimental limits for the axion-photon couplings from
other experiments and theory prediction. The limit from this work starts to exclude one of the
promising models.

We plan to implement several improvements to scan over the same frequency with the complete
DFSZ sensitivity. For instance, we will replace the cavity support from stainless steel with carbon
fiber to mitigate heat flow to the cavity and replace the y—metal shield surrounding the JPA to
decrease the leakage of the magnetic field. Furthermore, we plan to search the DFSZ dark matter
axion with 4- and 18-cavities array to increase cavity resonant frequency.
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Figure 2: 90% C.L. on the g4, for axion frequency. The gray-, blue-, and yellow-colored areas represent
previously reported ADMX limits in References [29], [33], and [34]. The red-colored area is the limits from
this work. We ruled out KSVZ (DFSZ) axions in the mass range 3.3-4.2 (3.9-4.1) peV.
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Figure 3: 90% C.L. on the g,,, for axion frequency. The green-colored areas represent previously reported
ADMX limits in References [29], [33], and [34]. The red-colored area is the limits from this work. The
gray-colored area is the limit from the other experiments [24-28, 39—45]. The Bottom small window shows
the QCD analytical and numerical calculations from [8—19].
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