
ED1-1-INV 
 
 
Ultra-light Dark Matter Search Based on RF Quantum Upconverters 
 
 
*Hsiao-Mei Cho1, A. Ames2, D. Aybas3, S. Carman2, S. Chaudhuri2, C. Dawson2, A. Droster4, C. 
FitzGerald5, P. Graham2, R. Gruenke2, S. Kuenstner2, A. Leder4, D. Li1, A. Phipps2, S. Rajendran4, 
A. Sushkov3, Karl A. van Bibber4, B. Young5, C. Yu2, K. D. Irwin2 
 
SLAC National Accelerator Laboratory, Menlo Park, CA 94025 USA1  
Department of Physics, Stanford University, Stanford, CA 94035 USA2 
Department of Physics, Boston University, Boston, MA 02215 USA3 
Department of Nuclear Engineering, University of California at Berkeley, CA 94720 USA4 
Department of Physics, Santa Clara University, Santa Clara, CA 95053 USA5 
 

The science reach of searches for Ultralight (sub-μeV), wavelike dark matter candidates 
including axions and hidden photons can be greatly enhanced by quantum sensors. At 
Stanford/SLAC, we are developing the Radio Frequency Quantum Upconverter (RQU), a 
Josephson-junction-based device capable of measuring low-frequency electromagnetic signals 
more sensitively than the Standard Quantum Limit. In particular, these sensors will be used to 
search for QCD axion dark matter in the Dark Matter Radio experiment at masses from 10neV to 
1 μeV.  The RQU is a quantum sensor capable of implementing multiple quantum coherent 
measurement techniques below 300 MHz, including two-mode squeezing, sideband cooling, and 
backaction evasion. I will describe the implementation of an RQU with superconducting 
microwave circuit elements and quantum coherent measurement protocols appropriate for ultra-
light dark matter detection. 
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