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QCD axion

e Quantum Chromodynamics -> the strong
interaction naturally has CP violation terms

e QCD would have a neutron electric dipole
moment d, of 10™'% - cm

e nEDM collaboration at PSI
d <18x107*% -cm,f < 5x 107!

e The strong CP problem solution: Up(1) axial
symmetry

e New particle beyond standard model, QCD axion



Non-baryonic Dark Matter
Candidates

QCD Axion WIMP
~ 1070 to 1073 eV ~ 1 GeV to 1 TeV

~leVto ~1PeV

Ultralight dark matter Primordial black holes
~107* to 107 eV ~ 1 ~30 Mg

. Wave-like: mass < 10 eV, occupancy number N =~ pD—M/ISB > ]

m
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Axion dark matter

ADMX benchmark model coverage so far
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Axion Dark Matter eXperiment

Skivie-type Haloscope
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Unknown axion mass
requires a tunable resonator

Location: University of Washington

B- Field

e Non-relativistic dark matter: m_ =~ hf, O, ~ 10°, ©(1)GHz

o OPyo X Tyackbodyt Lamplifier



P =2x10"%

Signal power
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Properties relate to controllable factors
e B,: magnetic field

e V:volume of the cavity

e Cyo: form factor

e ();:loaded quality factor
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Signal to noise ratio

E = hf,
Signal: P =35x10"2 W  ¢=—p 40 photons/s

Noise: 8Py, = kyTyyb/\/bt = kyT,,\/bl1

o kp: Boltzmann constant [J/K]

o Tsys: system noise temperature [K]

e b: noise integration bandwidth [HZ]
e [:integration time [s]

P
Signal to noise ratio (SNR):  SNR = —*
5Pbkg
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Current-Bias Josephson Parametric Amplifier

Energy conservation brings in idler frequency

W, = W, + W;

Standard Quantum Limit: ground state of a harmonic oscillator
iIs 1/2 quanta + 1/2 quanta receiver noise (50mK @ 1GHz)

Ly + 6L cosrw,t + ¢,)
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Frequency (GHz)
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Run1D-Part1:
KSVZ discovery ability



Improved temperature
performance
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Circulator Circulator

Attenuator A

__ Circulator -
“* JPA Pump
Tone Coupler -

Old heat load
thermal link

Switch ¢

JJ superconductor
AIT.=12K

Cavity: 130 mK -> 135 mK

Hot Load: e JFA
475 mK -> 150 mK | 3 JPA. :
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milliKelvin :
elvin Space : 4K space Upgraded at WUSTL
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Power (W)

Improved Understanding of Receiver Noise
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Hot load JPA-on noise calibration:

T_JPA,eff =0.14 + 0.02 K T_JPA,eff =0.37 + 0.02 K

1280 MHz example, M. Guzzetti et.at, PhysRevD.111.092012

o ~ 200mK more noise when cavity is connected (data taking)
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Cavity JPA-on noise alibration:
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arxiv:2504.07279

e 90% CL limit is different
from 90% discovery limit

* A guideline of our ‘discovery
ability’
e Each ~1kHz is an

Independent experiment,
160MHz -> 200,000



New flux-pump JPA

Plot credit: Jonah Hoffman, graduate student at WUSTL
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e Manufactured at WUSTL

e Significant improvement on JPA added noise:
T 4deq = 20.5 mK (compared to 140 mK in the previous run)

d
 Low pass filter of JPA DC bias + co-axial line for DC bias instead of twisted pairs
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ADMX-SideCar

* Type-ll superconductor cavity implementation: higher quality factor
* Quantum amplifier under high-magnetic field

e Kinetic-Inductance Traveling Wave Parametric Amplifier (KI-TWPA)
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14



Z [cm]

Magnetic field distortion

e COMSOL simulation

¢ H-¢ formulation or Time-dependent-Ginzburg-Landau theory

e Test of distortion in queue
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Plot credit: Madeleine Carhart, graduate student at UW
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KI-TWPA with B Field Tolerance

 Borrowed from Christian Boutan (Pl at PNNL)
e Gain under parallel B field: three-way mixing, pump tone at 14.2 GHz

Plot credit: Christian Boutan, this work is sponsored by DOE HEP Early Career Award
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Preparation for four-cavity system
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e 1.7102.2 GHz

e 4 Cavities,V=85L

e Coherent Power combination
e JPA readout

Plot credit: Stefan Knirck, Pl at Harvard
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Summary

e ADMX continues to search for QCD axion dark matter
with benchmark model discovery

 R&D on-going for superconducting cavities and novel
quantum amplifiers

e Future ADMX plans to implement multi-cavity system for
higher mass axions (up to 2.2 GHz)
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Exclusion limit landscape

e KSVZ and DFSZ are benchmark models for QCD axion dark matter

Plot from Ciaran A. J. O'Hare
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Upgrade status — “He/*He ratio

« Measurement (2025): *He/(*He + *He) = 45 % (volume)
e Initial (2014-2015): *He/(°He + “He) = 24 %
 “He is lost more -> likelv to be a “He superfuild leak

gas-calibration
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Plot credit: Cyrus Goodman, Charles Hanretty (Research Engineers at UW)
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