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There is a fundamental limit to the linewidth of the lasers, which is known as the Schalow-Townes 
limit. There is also a fundamental limit in the timing jitter of the mode-lock laser pulses---Haus-
Mecozzi limit. However, it seems there is no such kind of limit in single-photon detection (the 
inverse process of the photon emission). In traditional continuous wave measurements, the mean 
counting rate and the statistics of the counts can be well explained by Mandel-Glauber-Mollow 
theory of photon counting. But in single-photon detection, the most significant figures are quantum 
efficiency, timing jitter (the variance of clicking time), dark counting rate, dead time, bandwidth, 
etc. New theory and new concepts are highly required to describe and characterize the new metrics 
and to place the limits in single-photon detection. 
 
In this talk, we will contrast the differences and similarities between four types of readout 
mechanism in single-photon detection: i) number measurement, like the photomultiplier tubes or 
single-photon avalanche detector; ii) phase measurement, like the quantum non-demolition 
measurement in cavity-QED; iii) dispersive measurement, like the single electron transistor based 
photodetectors; and iv) dissipative measurement, like the superconducting nanowire single photon 
detectors. Our approach is based on introducing a Fock-state responsivity similar to quantum 
responsivity of conventional photodetectors. This helps identify the coupling between the energy 
of the single photon and the finally detected quantized nature of capacitance, conductance or flux.  
 

	
Fig. 1 Left: The schematic of the photon absorption by a quantum detector with a ground state and 
excited-states continuum. Right: The schematic of the excitation probability of the detector as a 
function of time and the corresponding probability density function. Button:  The definition of the 
Fock-state responsivity. 
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