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            Abstract
Sensitive microwave detectors are essential in radioastronomy1, dark-matter axion searches2 and superconducting quantum information science3,4. The conventional strategy to obtain higher-sensitivity bolometry is the nanofabrication of ever smaller devices to augment the thermal response5,6,7. However, it is difficult to obtain efficient photon coupling and toÂ maintain the material properties in a device with a large surface-to-volume ratio owing to surface contamination. Here we present an ultimately thin bolometric sensor based on monolayer graphene. To utilize the minute electronic specific heat and thermal conductivity of graphene, we develop a superconductorâ€“grapheneâ€“superconductor Josephson junction8,9,10,11,12,13 bolometer embedded in a microwave resonator with a resonance frequency of 7.9 gigahertz and over 99 per cent coupling efficiency. The dependence of the Josephson switching current on the operating temperature, charge density, input power and frequency shows a noise-equivalent power of 7Â Ã—Â 10âˆ’19 watts per square-root hertz, which corresponds to an energy resolution of a single 32-gigahertz photon14, reaching the fundamental limit imposed by intrinsic thermal fluctuations at 0.19 kelvin. Our results establish that two-dimensional materials could enable the development of bolometers with the highest sensitivity allowed by the laws of thermodynamics.
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                    Fig. 1: Graphene-based Josephson junction microwave bolometer.[image: ]


Fig. 2: Characterization of the GJJ switching current.[image: ]


Fig. 3: Operation of the device as a bolometer and measurement of the detector efficiency.[image: ]


Fig. 4: Sensitivity and fundamental fluctuation limit of the bolometer.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Loaded Q factor of input resonator.
Fitting of the loaded quality factor of the microwave resonator. Shown is the phase of the S11 scattering parameter of the half-wave microwave resonator at two different gate voltages. Data from the same dataset as in Fig. 3a.


Extended Data Fig. 2 GJJ bolometer input resonator.
a, b, Suppression of the switching current at the resonance frequency of the input resonator for Device H (a) and Device T (b) with test power of âˆ’15 dBm applied outside the cryostat at 0.3 K (a) and 0.2 K (b). See Extended Data Table 1 for the dimensions and measured parameters of the devices.


Extended Data Fig. 3 GJJ switching current.
a, b, Average switching current of the Josephson junction for Device H (a) and Device T (b).


Extended Data Fig. 4 Electron cooling.
a, b, Interpolated graphene electron temperature versus input power for Device H with a carrier density of ~0.72 Ã— 1012 cmâˆ’2 (a) and Device T with a carrier density of ~3.2 Ã— 1012 cmâˆ’2 (b). The lines are fits using the electronâ€“phonon heat transfer theory.


Extended Data Table 1 Sensitivity and thermal properties of the GJJ bolometerFull size table


Extended Data Table 2 GJJ propertiesFull size table
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