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Supplementary Note 1 | Latency to slew rate correlation. In order to avoid current crowding,1 the 

nanowire is connected to the wire terminals with a short tapering section (see Figure 2 in the main 

manuscript). If a photon detection occurs in this region of widening nanowire, then the overall detection 

latency will increase (see Figure 3 in main text for effect of nanowire width at a fixed bias current), 

resulting in a larger number of tail of events in the IRF histogram. As evidence towards this hypothesis 

we have studied the correlation between the shot-to-shot slew rate of the SNSPD signals and the threshold 

crossing delay. An additional effect of a detection in a widening section of a nanowire is that during the 

hotspot expansion, the final resistance will be lower and since the slew rate is proportional to the kinetic 

inductance (fixed) divided by the hotspot resistance. It means that the slew rate will be lower for detection 

in the tapering sections. It is therefore possible to use the slew rate as an indicator of whether the detection 

happened in the tapering sections. Supplementary Figure 1a confirms this since there is a correlation 

between the slew rate and detection delay – the lower the slew rate, the wider the nanowire section 

responsible for the detection and hence the larger the delay. In order to infer how the jitter histogram 

would look like without the effect of the tapering sections we set a threshold in the slew rate such as to 

reduce the contribution of the tail events. Supplementary Figure 1b shows the resulting IRF with and 

without the slew rate thresholding, achieving a significant reduction of the tail events. Note that the tail 

still deviated from exponential, which is expected based on the simulations (see Supplementary Note 3). 

This analysis indicates that for best performance the light absorption should be concentrated away from 

tapering sections and bends. 
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Supplementary Figure 1. a, Correlation between the slew rate of the detection signal and the threshold 

crossing delay for the 120 nm-wide nanowire biased at the maximum bias current and illuminated with 

532 nm light. When excluding all detection below the slew rate threshold indicated in (a) the tail events 

considerably reduce b, indicating that the tapering sections of the nanowire are the main contributing 

factors to the histogram tail. The exponentially modified Gaussian fit deviates from the experimental data 

even with the slew rate thresholding, however, it provides an adequate fit for extraction of the FWHM of 

the distribution.   
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Supplementary Note 2 | Changes in the IRF tail for short wavelengths. When characterizing the 120 

nm-wide nanowire, we noticed that the tail of the distribution for the shortest wavelength light has a 

significantly different shape, especially at low bias currents. Supplementary Figure 2 shows a comparison 

of the instrument response functions for three wavelengths (273 nm, 400 nm and 800 nm) for different 

bias currents. At the lowest bias current of 13 µA, there is a systematic deviation (below 0.25 of the peak) 

for the 273 nm wavelength data (Supplementary Figure 2a). This deviation decreases at longer 

wavelengths (Supplementary Figure 2b, c). The origin of this effect can be attributed to differing detection 

latency for various transverse coordinates of absorption in the nanowire.2 This effect is known as 

‘transverse geometric’ jitter.  

 

Supplementary Figure 2. Instrument response functions for the 120 nm nanowire biased at 13 µA 

(circles), 23 µA (squares) and 33 µA (diamonds). Data for the 273 nm (a), 400 nm (b) and 800 nm (c) is 

shown for comparison. 
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Supplementary Note 3 | Fitting the experimental data with simulations. The general features 

a)-d) of the detector latency function discussed in Methods: Detection latency simulations are sufficient 

for qualitative analysis of the experimental data, but numerical simulation is required to determine the 

functional form of the latency. To simulate latency curves we numerically solved the system of generalized 

TDGL equations together with energy balance equations and current continuity equations subject to the 

appropriate boundary conditions3. We used the hotbelt detection model4–8 and 1D-geometry for simplicity 

and clarity of presentation, but verified that the results are consistent with the results of the full 2D hotspot 

detection scenario.2,7,9,10 The use of the generalized TDGL equations11 with less stringent validity 

conditions than the standard TDGL is more appropriate for simulating the suppression of the gap over 

extended intervals of time when both the superconducting order parameter and the energy gap remain 

finite. The major parameters of the NbN SNSPD used for this simulation are shown in the Supplementary 

Table 1. The simulated latency results for the 80 nm SNSPD are shown in Supplementary Figure 3. 

It is seen that all the calculated latency curves have features a) to d) described in the Methods of 

the main manuscript. The bell-shaped curve above horizontal axis in Supplementary Figure 4 

schematically shows the normal distribution density of energy deposition into electron system following 

photon absorption and the right-skewed bell-shaped curve on the right schematically shows the origin and 

shape of timing jitter distribution originating from fluctuations of detector latency. 

i. Shape of jitter distributions. It is easy to see from this figure that because of c) the shape of jitter 

distribution is distorted Gaussian with long tail at higher delays consistent with data, see Figure 1 

of the main manuscript. 

ii. Bias current dependence of the jitter and detection latency difference. For any fixed photon energy 

both latency and jitter FWHM increase with decreasing current, as in Figures 3a and c  of the main 

manuscript. 
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iii. Wavelength dependence of the jitter. For any bias current because of a)-c) both latency and jitter 

FWHM decrease when photon energy increases as in Figure 4a of the main manuscript. 

iv. Width of nanowire dependence. The data in Figure 3 of the main manuscript are easily understood 

as a result of scaling of current and deposition energy densities with the nanowire width. 

 

The model used to simulate the detection latency difference shown in Figure 3c of the main manuscript 

simultaneously predicts the PCR and IRF for different bias conditions and photon energies.  With the three 

fitting parameters 𝜒 = 	0.667, 𝜎)**+ = 	100 meV, and 𝜏..(𝑇1) = 6 ps, we fit these three key experimental 

metrics for both the 80 nm and 60 nm wide samples.  We note that with these fitting parameters, the high 

energy tail of the absorbed energy distribution can extend beyond the full photon energy for low photon 

energies, which is an unphysical result of using the simplified 1D model.  If a small contribution of the 

fluctuations comes from non-uniformities (𝜎)**+,456) as treated in Ref.3 such that 𝜎)**+,7849 = 	92 meV 

and 𝜎)**+,456 = 	40 meV, this effect is eliminated without changing the quality of the fit. The PCR results 

are shown for 1550 nm and 775 nm photons in Supplementary Figure 3.  The comparison of the IRF for 

the 80 nm wire is shown in Supplementary Figure 4.  
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Description Symbol Value 

Nanowire width 𝑊 80 nm 

Nanowire thickness 𝑑 7 nm 

Critical temperature 𝑇1 8.65 K 

Diffusion coefficient 𝐷 0.5 cmB𝑠5) 

Sheet resistance 𝑅EF 608 Ω/□ 

Phonon parameter 𝛾 60 

Hotbelt length 𝐿 40 nm 

Inelastic electron-electron scattering time at 𝑇1 𝜏..(𝑇1) 6 ps 

Electron-phonon coupling time at 𝑇1 𝜏.L(𝑇1) 24.7 ps 

Phonon escape time 𝜏.E1 20 ps 

Mean fraction of the photon energy deposited in the nanowire 𝜒 0.667 

Standard deviation due to Fano fluctuations 𝜎)**+,MNOP 92 meV 

Standard deviation due to spatial non-uniformity3 𝜎)**+,O5Q 40 meV 

 

Supplementary Table 1. Parameters for simulation of latency in the 80 nm SNSPD. 
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Supplementary Figure 3 | a, Normalized PCR for 80 nm (blue symbols) and 60 nm (black symbols) 

samples for 775 nm light (squares) and 1550 nm light (triangles) compared to simulation (solid lines).  b, 

Detection delay difference for 80 nm (blue) and 60 nm (black) samples compared to simulation (squares 
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Supplementary Figure 4 | Comparison of simulated IRF with experiment for the 80 nm wide nanowire 

at bias for a, 15 	𝜇A bias current and b, 20 𝜇A bias current. Solid lines indicate the simulated IRF while 

the symbols correspond to the experimental data. The data in red corresponds to a 1550 nm photon, while 

blue data corresponds to a 775 nm photon. This illustrates the changes in the relative latency between the 

two photon energies as well as the change in the IRF width. The agreement with experimental data is not 

perfect indicating a need for further development of the numerical model. 
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