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Project Synopsis: Quantum Bits for Dark Matter Detection Quantum sensors enable low-noise photon sensitivity “beyond

. . . . . . . the standard quantum limit”.
This experimental program will adapt low-noise qubit readout techniques for use In

particle physics experiments. As an end goal, this research will deliver a technical 1 — squ
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ADMX, 2019-2021 This measurement technique represents a novel application of quantum information

technology to the field of particle physics. It has the potential to enhance axion search
speeds by four orders of magnitude while enabling sensitivity to weak axion-photon
coupling models.
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Axions convert to photons in the Axion mass is only loosely constrained by theory. Scanning over three orders of I i3t
presence of a magnetic field, with magnitude in mass/frequency may be required. New technologies are required to perform noniinear osciliator
coupling coefficient g,,,. this search efficiently.

Collaborators at U. Chicago fabricate and characterize
superconducting qubits (Schuster Lab). We use
“transmon” superconducting qubits with aluminum
/aluminum oxide Josephson junctions. The qubit

Quantum non-demolition (QND) techniques allow repeated

qul?it readout capacitively couples to microwave cavity modes.
measurement of Fock states, to arbitrary precision. cavity
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An AC Stark effect causes the cavity frequency

Even amplifiers operating at the quantum limit can be too noisy for efficient axion detection. _ :ﬁt:}';i;:s%h(::e zn:lé)t.wmn ? signal photer
Phase-preserving linear amplifiers simultaneously measure the occupation number and  Background Suppression
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photon state is randomized at every measurement so that amplitude (i.e. photon number) can reduce this rate. For N qubits: p,, = (0.01)" |

can be measured repeatedly and with high precision.
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