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The time scan measured when a dispersion of nanoparticles is analyzed by single particle inductively coupled plasma -mass spectrometry (sp-ICP-MS) is typically made of many intense short-lived spikes. On the basis of theoretical arguments backed by experimental data and statistical tests, I show that, in the very dilute limit, there is a one-to-one correspondence between the spikes present in a time scan and the points of discontinuity of the outcome of a homogeneous Poisson process. This relationship underlies the random nature of the sp-ICP-MS time scan. Furthermore, I establish that the stochastic processes describing the nanoparticle arrivals in the plasma and the time sequence of spikes in the time scan are fully identical, thus helping to place on firmer grounds a frequently made hypothesis regarding the Poissonian character of the sp-ICP-MS time scan.

Introduction

Nanotechnology is one of the main driver of current technological advances and many analytical techniques have been developed over the last decades to characterize nanomaterials [START_REF] Pace | Single particle inductively coupled plasma-mass spectrometry: a performance evaluation and method comparison in the determination of nanoparticle size[END_REF][START_REF] Shang | Nanoparticle counting: towards accurate determination of the molar concentration[END_REF]. In recent years, single particle inductively coupled plasma -mass spectrometry (sp-ICP-MS) has emerged to analyze aqueous dispersions of nanoparticles, in order to determine the particle number concentration, and even in some cases the size and elemental composition of individual nanoparticles [START_REF] Laborda | Selective identification, characterization and determination of dissolved silver (I) and silver nanoparticles based on single particle detection by inductively coupled plasma mass spectrometry[END_REF][START_REF] Pace | Determining transport efficiency for the purpose of counting and sizing nanoparticles via single particle inductively coupled plasma mass spectrometry[END_REF][START_REF] Laborda | Single particle inductively coupled plasma mass spectrometry: A powerful tool for nanoanalysis[END_REF][START_REF] Montaño | Single particle ICP-MS: Advances toward routine analysis of nanomaterials[END_REF]. This technique is based on the acquisition of a time-resolved signal hereafter called time scan. For sufficiently diluted dispersions of nanoparticles, this signal is typically constituted of a sequence of spikes. The number of spikes is related to the number of nanoparticles and the intensity of the spikes is correlated to the mass of the monitored isotope in the nanoparticles [START_REF] Laborda | Selective identification, characterization and determination of dissolved silver (I) and silver nanoparticles based on single particle detection by inductively coupled plasma mass spectrometry[END_REF].

The basic principle of sp-ICP-MS has been laid out in the 2000s [START_REF] Degueldre | Colloid analysis by single particle inductively coupled plasma-mass spectroscopy: A feasibility study[END_REF] and some additional theoretical and methodological insights have been provided in the early 2010s, when the relevance of sp-ICP-MS as a standalone technique for characterizing nanoparticles was reasserted [START_REF] Laborda | Selective identification, characterization and determination of dissolved silver (I) and silver nanoparticles based on single particle detection by inductively coupled plasma mass spectrometry[END_REF][START_REF] Pace | Determining transport efficiency for the purpose of counting and sizing nanoparticles via single particle inductively coupled plasma mass spectrometry[END_REF], paving the way for numerous experimental studies performed over the previous decade [START_REF] Mozhayeva | A critical review of single particle inductively coupled plasma mass spectrometry -a step towards an ideal method for nanomaterial characterization[END_REF], even if several analytical and metrological challenges remain unsettled [START_REF] Laborda | Single particle inductively coupled plasma mass spectrometry as screening tool for detection of particles[END_REF][START_REF] Laborda | About detectability and limits of detection in single particle inductively coupled plasma mass spectrometry[END_REF]. Theoretical works have been more scarce [START_REF] Olesik | Considerations for measurement of individual nanoparticles or microparticles by ICP-MS: determination of the number of particles and the analyte mass in each particle[END_REF][START_REF] Laborda | Critical considerations for the determination of nanoparticle number concentrations, size and number size distributions by single particle ICP-MS[END_REF][START_REF] Lee | Nanoparticle size detection limits by single particle ICP-MS for 40 elements[END_REF], except for the substantial modeling effort that has been devoted to data processing [START_REF] Peters | Single particle ICP-MS combined with a data evaluation tool as a routine technique for the analysis of nanoparticles in complex matrices[END_REF], and particularly on various ways to discriminate the signal produced by small nanoparticles from the background of the sp-ICP-MS signal [START_REF] Pace | Determining transport efficiency for the purpose of counting and sizing nanoparticles via single particle inductively coupled plasma mass spectrometry[END_REF][START_REF] Tuoriniemi | Size discrimination and detection capabilities of single-particle ICPMS for environmental analysis of silver nanoparticles[END_REF][START_REF] Cornelis | A signal deconvolution method to discriminate smaller nanoparticles in single particle ICP-MS[END_REF][START_REF] Gundlach-Graham | Monte Carlo Simulation of Low-Count Signals in Time-of-Flight Mass Spectrometry and Its Application to Single-Particle Detection[END_REF][START_REF] Mozhayeva | A quantitative nanoparticle extraction method for microsecond time resolved single-particle ICP-MS data in the presence of a high background[END_REF].

One cornerstone of sp-ICP-MS theory regarding the time scan signal relies on the following hypothesis: the probability that this signal, measured during a dwell time, stems from n distinct nanoparticles is Poisson distributed [START_REF] Olesik | Considerations for measurement of individual nanoparticles or microparticles by ICP-MS: determination of the number of particles and the analyte mass in each particle[END_REF]. This hypothesis relies on the fact that under rather general assumptions, the number of objects (be they particles, but also cells or molecules) in a given volume is a random variable following a Poisson distribution [START_REF] Chandrasekhar | Stochastic problems in physics and astronomy[END_REF][START_REF] Landau | Statistical physics[END_REF]. This result has been known for a very long time: it can be traced back at least as far as the 19th century with the seminal work of Ernst Abbe regarding the number of blood cells located in a region of space [START_REF] Abbe | Über Blutkörper-Zählung[END_REF]. It appears in many different areas (e.g. single-molecule spectroscopy [START_REF] Kneipp | Single Molecule Detection Using Surface-Enhanced Raman Scattering (SERS)[END_REF], or droplet-based approaches such as digital PCR [START_REF] Klein | Droplet Barcoding for Single-Cell Transcriptomics Applied to Embryonic Stem Cells[END_REF][START_REF] Sykes | Quantitation of Targets for PCR by Use of Limiting Dilution[END_REF]). In the ICP-OES context, close to the one considered in this work, it has been experimentally confirmed that the probability of finding particles of micrometer size in monodisperse 50 µm droplets generated from dilute dispersions is indeed Poisson distributed at the entrance of the plasma [START_REF] Murtazin | Measurement of element mass distributions in particle ensembles applying ICP-OES[END_REF].

There is no reason to doubt that this is also the case at the entrance of the plasma in sp-ICP-MS. However, a variety of complex processes (desolvation, vaporization, diffusion, ionization and ion sampling), interacting with several physical phenomena (gas flow behavior within the ICP torch, space charge effects, local perturbations of the plasma), affects the analyte between the plasma inlet and the detector [START_REF] Bogaerts | Inductively coupled plasma-mass spectrometry: insights through computer modeling[END_REF][START_REF] Borovinskaya | Diffusion-and velocity-driven spatial separation of analytes from single droplets entering an ICP off-axis[END_REF][START_REF] Stewart | Time-resolved measurements with single droplet introduction to investigate space-charge effects in plasma mass spectrometry[END_REF][START_REF] -Y. Chan | Local cooling, plasma reheating and thermal pinching induced by single aerosol droplets injected into an inductively coupled plasma[END_REF]. For instance, nanoparticles contained in droplets having entered the plasma at two different distances from the axis of the torch will follow distinct trajectories and have different times of residence within the plasma zone [START_REF] Borovinskaya | Diffusion-and velocity-driven spatial separation of analytes from single droplets entering an ICP off-axis[END_REF]. With that in mind, one cannot conclude with full confidence that the Poissonian behavior observed at the entrance of the plasma remains necessarily unchanged at the level of the detector and the measured time scan. Many results (dynamic range [START_REF] Olesik | Considerations for measurement of individual nanoparticles or microparticles by ICP-MS: determination of the number of particles and the analyte mass in each particle[END_REF], statistical uncertainty affecting nanoparticles counting [START_REF] Laborda | Critical considerations for the determination of nanoparticle number concentrations, size and number size distributions by single particle ICP-MS[END_REF], counting bias due to possible overlapping spikes [START_REF] Abad-Álvaro | Evaluation of number concentration quantification by single-particle inductively coupled plasma mass spectrometry: microsecond vs. millisecond dwell times[END_REF]) have nevertheless been built upon this hypothesis, but to my knowledge, it has never been analyzed thoroughly nor statistically checked on experimental sp-ICP-MS data.

The purpose of this work is twofold: firstly, I will present a new mathematical approach to model the time sequence of spike occurrences in measured sp-ICP-MS time scans for very dilute nanoparticle dispersions: more specifically, I will show that this sequence corresponds to the outcome of a Poisson process1 [START_REF] Feller | On the theory of stochastic processes, with particular reference to applications[END_REF][START_REF] Kingman | Poisson processes[END_REF] and that it has exactly the same statistical properties as the time sequence of nanoparticles entering the plasma; secondly, I will provide further confidence in the validity of the mathematical approach by showing that its predictions are in excellent agreement with experimental sp-ICP-MS data. One interesting outcome of these developments is that they shed light and support the hypothesis frequently put forward in sp-ICP-MS regarding the Poissonity of the number of spikes.

Theory

I consider an aqueous dispersion of nanoparticles. The particle number concentration of the dispersion is denoted ρ. The uptake flow rate is set to Q 0 and the flow rate at the entrance of the plasma is denoted Q (Q ≤ Q 0 ). Assuming that an arbitrarily small introduced volume dV can be analyzed, the probability of the presence of a single nanoparticle in dV is equal to ρdV . Moreover, due to steric exclusion, the probability of the presence of a number of nanoparticles greater than one in this volume is zero if dV is small enough. Finally, the numbers of nanoparticles in non-overlapping and non-infinitesimal volumes are random variables (they are not fixed because of thermal motion [START_REF] Chandrasekhar | Stochastic problems in physics and astronomy[END_REF]), independent of each other.

From these considerations, on mathematical grounds, it follows that the cumulative number of nanoparticles N (v) having reached the plasma over the Despite their inherent randomness, homogeneous Poisson processes share a bunch of interesting properties [START_REF] Kingman | Poisson processes[END_REF]. Denoting λ > 0 the rate of such a process, the number X(τ ) of points of discontinuity of a realization of the process during a time interval τ is the outcome of a random variable following a Poisson distribution with parameter λτ : for each non-negative integer k, the probability that X(τ ) equals k is (λτ ) k e -λτ /k!. Moreover, all the time differences T i = t i+1 -t i between two successive points of discontinuity are independent and identically distributed random variables, following an exponential distribution with parameter λ: for t ≥ 0, the probability that T i is less than or equal to t is 1 -e -λt . A demonstration of these results can be found in Sec. 2.1 of Ref. [START_REF] Feller | On the theory of stochastic processes, with particular reference to applications[END_REF].

introduction of a volume v = t 0 Q(t)
Assuming that each nanoparticle contains a sufficient amount of the monitored isotope, a fraction of the ion cloud generated during the sojourn in the plasma of each nanoparticle will hit the detector and produce a short spike in the time scan. Previous studies have shown that the fate of a droplet containing one nanoparticle and its associated ion cloud depends on numerous factors (droplet size, distance between the droplet and the axis of the nebulizer, etc.) [START_REF] Olesik | Considerations for measurement of individual nanoparticles or microparticles by ICP-MS: determination of the number of particles and the analyte mass in each particle[END_REF][START_REF] Bogaerts | Inductively coupled plasma-mass spectrometry: insights through computer modeling[END_REF][START_REF] Borovinskaya | Diffusion-and velocity-driven spatial separation of analytes from single droplets entering an ICP off-axis[END_REF][START_REF] Olesik | Investigating the fate of individual sample droplets in inductively coupled plasmas[END_REF][START_REF] Lindner | Simulation and experimental studies on plasma temperature, flow velocity, and injector diameter effects for an inductively coupled plasma[END_REF][START_REF] Guo | Time-resolved particle image velocimetry and 3D simulations of single particles in the new conical ICP torch[END_REF][START_REF] Ho | Considerations of particle vaporization and analyte diffusion in single-particle inductively coupled plasma-mass spectrometry[END_REF][START_REF] Murtazin | Investigation of sample introduction-and plasma-related matrix effects in inductively coupled plasma spectrometry applying single analyte droplet and particle injection[END_REF]. Thus, the residence time of a nanoparticle in the plasma cannot be entirely described by a single numerical value, it follows a not well known probability distribution that depends on instrument settings. However, despite the potential fluctuations of the residence time and whatever they might be, according to a mathematical result known in Poisson process theory as the displacement theorem [START_REF] Kingman | Poisson processes[END_REF], the stochastic process obtained once the sample has passed through the plasma is still a homogeneous Poisson process, with the same rate ρQ. For a given experiment, the number of ion clouds reaching the detector up to time t is thus the outcome of a homogeneous Poisson process with rate ρQ, as the number of nanoparticles entering the plasma, despite the various complex processes occurring within the instrument. This invariance, which is specific to Poisson processes, is one of the key outcomes of the present theory.

However, depending on the operating conditions, the sequence of transient signals stemming from each individual ion cloud is not necessarily discernable in the time scan since each of these particle events has a duration τ p of a few hundreds of microseconds [START_REF] Olesik | Considerations for measurement of individual nanoparticles or microparticles by ICP-MS: determination of the number of particles and the analyte mass in each particle[END_REF][START_REF] Borovinskaya | Simultaneous mass quantification of nanoparticles of different composition in a mixture by microdroplet generator-ICPTOFMS[END_REF][START_REF] Fuchs | Impact of the particle diameter on ion cloud formation from gold nanoparticles in ICPMS[END_REF], or even in the millisecond range when using a collision/reaction cell [START_REF] Bolea-Fernandez | On the effect of using collision/reaction cell (CRC) technology in single-particle ICP-mass spectrometry (SP-ICP-MS)[END_REF]. τ p sets a barrier for the time resolution of the sp-ICP-MS technique: two particle events separated by a time interval greater than τ p will belong to two separated spikes, provided that the time resolution of the instrument is small enough; otherwise, they will belong to the same (composite) spike. As a side note, with the current generation of ICP-MS, dwell times τ dwell lower than 0.1 ms can be achieved and the time resolution of the sp-ICP-MS method is then ultimately limited by τ p . However, if a dwell time greater than 1 ms is employed, as it was customary a few years ago, the time resolution of the technique is limited by τ dwell .

In the very dilute limit ρQτ dwell 1 and ρQτ p 1 where sp-ICP-MS experiments are conducted in practice [START_REF] Olesik | Considerations for measurement of individual nanoparticles or microparticles by ICP-MS: determination of the number of particles and the analyte mass in each particle[END_REF][START_REF] Abad-Álvaro | Evaluation of number concentration quantification by single-particle inductively coupled plasma mass spectrometry: microsecond vs. millisecond dwell times[END_REF] and with current generation ICP-MS instruments which allow sub-millisecond dwell times, the number of detectable spikes is very close to the number of nanoparticles having entered the plasma since the bias between both numbers vanishes as ρQτ p tends towards zero [START_REF] Abad-Álvaro | Evaluation of number concentration quantification by single-particle inductively coupled plasma mass spectrometry: microsecond vs. millisecond dwell times[END_REF].

In this case, the rate λ s of the homogeneous Poisson process describing the time sequence of spike occurrences in the sp-ICP-MS time scan is

λ s = ρQ. (1) 
Thus, the number N s of spikes in the time scan over a time interval τ should follow a Poisson distribution with parameter ρQτ ,

P (N s = k) = (ρQτ ) k k! e -ρQτ , (2) 
for each non-negative integer k, and the duration T p between two successive spikes (interarrival time) should follow an exponential distribution with parameter ρQ,

P (T p ≤ t) = 1 -e -ρQt for t ≥ 0 (3) 
In the following section, I will demonstrate that the claims embodied in Eqs. 2 and 3 are correct. To do so, I will study the number of spikes detected during a given time interval and the duration between two successive spikes drawn from one experimental sp-ICP-MS dataset, in the classically used sp-ICP-MS limits ρQτ obs 1 (average number of nanoparticle arrivals far greater than 1 during a total acquisition time τ obs ), ρQτ p 1 (when the probability of spike overlap is very small, entailing that the number of spikes in the time scan signal is very close to the number of nanoparticles, provided that the time resolution of the detector is small enough) and ρQτ dwell 1 (when the mean number of particle events during a dwell time is far smaller than 1) 3 , and show that they are indeed distributed according to the predictions of the theory.

Experimental validation

A gold nanoparticle dispersion with a nominal diameter of 60 nm and a particle number concentration ≈ 1.9×10 10 mL -1 , stabilized by a citrate buffer, was purchased from Sigma-Aldrich. This dispersion was shaked and ultrasonicated during 1 min before being diluted 250,000 times and analyzed.

A Agilent 8900 ICP-MS-QQQ mass spectrometer, equipped with a pneumatic nebulizer and a spray chamber, was used for the sp-ICP-MS analysis.

The uptake flow rate of the dispersion was set to Q 0 ≈ 0.346 mL min -1 . The 197 Au signal was monitored during τ obs = 60 s, with τ dwell = 100 µs and a zero settling time.

The spikes were extracted from the sp-ICP-MS signal by using a procedure that is standard for nanoparticle dispersions [START_REF] Pace | Determining transport efficiency for the purpose of counting and sizing nanoparticles via single particle inductively coupled plasma mass spectrometry[END_REF]. An algorithm is used to determine a threshold value above which a spike is considered as stemming from a nanoparticle. This value depends on the choice of a multiple of the standard deviation of the data set [START_REF] Pace | Determining transport efficiency for the purpose of counting and sizing nanoparticles via single particle inductively coupled plasma mass spectrometry[END_REF]; in this study, this choice does not have a noticeable effect on the results and it was set to 1.

When using a dwell time of 100 µs, a single detectable nanoparticle yields a spike, with several consecutive readings above the calculated threshold [START_REF] Olesik | Considerations for measurement of individual nanoparticles or microparticles by ICP-MS: determination of the number of particles and the analyte mass in each particle[END_REF].

The time of the first reading above the threshold is the time associated to the spike.

A C++ program was developed to find the spikes, their associated times and their durations in the experimental 197 Au sp-ICP-MS time scan. The upper part of Fig. 1 displays a snapshot of the temporal succession of spike occurrences over According to the theory of Poisson processes, the ratio N (τ )/τ between the number of points of discontinuity N (τ ) and the time interval τ tends towards the rate λ of the process as τ tends to infinity [START_REF] Kingman | Poisson processes[END_REF]. For a finite time interval of observation τ obs , the ratio N (τ obs )/τ obs is thus the most obvious estimate for λ. Furthermore, thanks to Campbell's formula [START_REF] Kingman | Poisson processes[END_REF], one can show that this estimate is unbiased (its expected value equals λ), and that its variance equals λ/τ obs .

Consequently, the rate λ s characterizing the random time sequence of spike occurrences in the measured sp-ICP-MS time scan can be inferred from the ratio between the number of spikes and the duration of acquisition of the signal. In the present case, 942 spikes were detected over a 60 s time interval, yielding an estimated rate λ s = 15.7 ± 0.5 s -1 . Since the particle flux entering the nebulizer is 4.4 × 10 2 s -1 , the nebulization efficiency equals 3.6%.

Fig. 2 shows the empirical distribution function associated with the set of measured interarrival times [START_REF] Van Der | Asymptotic statistics[END_REF], along with the theoretical prediction (cf. Eq. 3)

based on the rate of 15.7 s -1 estimated from the experimental dataset. Visually, the agreement between the empirical distribution and the theoretical prediction 195 is excellent. The Kolmogorov-Smirnov test further confirms that there is no significant difference between the empirical distribution and the exponential cumulative distribution with parameter 15.7 s -1 (test-statistic = 0.031) [START_REF] Van Der | Asymptotic statistics[END_REF].

I finally checked the validity of Eq. 2. According to the theory section, the number of spikes in a measured sp-ICP-MS time scan is the outcome of a ran-200 dom variable following a Poisson distribution. Instead of repeating the same experiment many times to test the soundness of this prediction, the full experimental sp-ICP-MS time scan, which can be considered as the concatenation of In addition, one can notice that in the present case, the average interarrival time between two spikes was equal to 1/(15.7 ± 0.5 s -1 ) = 63.7 ± 2.1 ms, more than a hundred times greater than the average duration of a spike, which was found to be equal to 0.46 ± 0.13 ms. Therefore, the experimental results have been obtained is the very dilute limit ρQτ p = 7.2 × 10 -3

1, that is constantly seeked out to conduct sp-ICP-MS experiments, for the relative bias between the numbers of detectable spikes and particles to be negligible.

Finally, the liquid sample is not introduced strictly continuously in the plasma: the pneumatic nebulizer aerosolizes the dispersion and it enters the ICP through a multitude of droplets differing in size, even if their degree of polydispersity is mitigated by the presence of a spray chamber [START_REF] Todoli | Sample introduction systems for the analysis of liquid microsamples by ICP-AES and ICP-MS[END_REF]. If the temporal fluctuations of the introduced volume related to the dispersion of droplet size were not negligible, they would entail an over-dispersion of the number of spikes compared to the one predicted by the Poisson distribution [START_REF] Ulianov | The ICPMS signal as a Poisson process: a review of basic concepts[END_REF]. Conversely, a non-negligible spike overlap would entail an under-dispersion. This possible over-or under-dispersion can be quantified through the use of the Fano factor F , defined as the ratio of the spike count variance to the mean [START_REF] Fano | Ionization Yield of Radiations. II. The Fluctuations of the Number of Ions[END_REF][START_REF] Eden | Drawing inferences from Fano factor calculations[END_REF]. F is equal to 1 for a Poisson distribution, strictly greater than 1 in the presence of over-dispersion and strictly smaller than 1 in the presence of under-dispersion.

The empirical Fano factors F calculated for the three different sub-time scans are reported in Tab. 2, with the 95% confidence interval of this estimator, calculated from the Gamma approximation to the sampling distribution of F [START_REF] Eden | Drawing inferences from Fano factor calculations[END_REF].

F values reported in Tab. 2 are not exactly equal to 1, which should not come as a surprise since these estimates are calculated from finite-size samples and thus affected by statistical noise. However, the calculated values all lie within the asymptotic 95% confidence intervals, with the exception of the first one that is very close to the lower bound of the interval. Therefore, there is neither over-dispersion nor under-dispersion of the number of spikes over a given time interval, which confirms the Poissonity of the experimental data.

Conclusion

According to the theoretical arguments put forward in Sec. 2, the time sequence of spikes present in a measured sp-ICP-MS time scan can be mapped to the points of discontinuity of a homogeneous Poisson process. This theory has been substantiated by showing that its main predictions are in excellent agreement with experimental sp-ICP-MS data obtained with a very dilute dispersion:

the duration between two consecutive spikes is exponentially distributed and the number of spikes detected during a given time interval is Poisson distributed.

In a nutshell, the theory and experiment sections show that the Poisson distribution is pervasive in sp-ICP-MS, because of the presence of a single underlying homogeneous Poisson process governing the distribution of the different numbers of spikes that may be counted in a time scan.

An interesting outcome of the mathematical approach presented in Sec. 2 is that, despite the various processes at play within an ICP-MS, the two processes governing i) the nanoparticle arrivals in the plasma, and ii) the time occurrence of the spikes detectable in the sp-ICP-MS time scan, are both homogeneous Poisson processes with the same parameter ρQ, thus validating the hypothesis formulated in Ref. [START_REF] Olesik | Considerations for measurement of individual nanoparticles or microparticles by ICP-MS: determination of the number of particles and the analyte mass in each particle[END_REF]. Indeed, thanks to the unique properties of homogeneous Poisson processes, for very dilute dispersions continuously introduced, the outcome of the Poisson process homogeneous in time modelling nanoparticle arrivals in the plasma is transformed in an outcome of the same process for the time occurrences of the spikes in the time scan. This result is a manifestation of the robustness of Poisson processes.

The theory could be extended in different directions by taking into account the effect of spike overlap when dispersions are not very dilute, or when the introduced volume fluctuates significantly from one time interval to another. The former extension would be of broad interest, while the latter might be of interest when microdroplet or micronebulizer introduction systems are used. However, for standard sp-ICP-MS experiments, the statistical calculations reported in the experimental section show that there is no need to resort to a more complex mathematical approach than the one introduced in this work.

  dt of the sample for a given experiment is the outcome of a homogeneous Poisson process with rate 2 ρ [33]. Moreover, with the additional assumption that Q is constant, for a given experiment, N (t) is also the outcome of a homogeneous Poisson process, this time with rate ρQ. N (t) is then a piecewise constant non-decreasing function of time taking integer and non-negative values. Each discontinuity of this function corresponds to the arrival of a nanoparticle and the function increases abruptly by 1 at these points. N (t) is thus completely characterized by the set of points where its discontinuities occur.

Figure 1 :

 1 Figure 1: Times of spike occurrences (upper part of the figure) extracted from a measured 197 Au sp-ICP-MS time scan (lower part of the figure) during a 5 s time interval. Each spike corresponds to a single vertical blue segment. The vertical segments that seem to be thick correspond in reality to clustered spike occurrences.

Figure 2 :

 2 Figure 2: Empirical cumulative distribution of interarrival times between consecutive spikes and cumulative distribution function of an exponential distribution with parameter 15.7 s -1 .

Figure 3 :

 3 Figure 3: Frequencies of the number of spikes detected in sub-time scans and the corresponding theoretical Poisson distribution. Left: the full time scan has been sliced in 6000 parts of 10 ms and the theoretical Poisson parameter is 0.157. Center: the full time scan has been sliced in 600 parts of 100 ms and the theoretical Poisson parameter is 1.57. Right: the full time scan has been sliced in 60 parts of 1 s and the theoretical Poisson parameter is 15.7.

Table 1 :

 1 χ 2 tests performed to assess the goodness-of-fit between the distribution of the number of spikes detected in sub-time scans and the corresponding theoretical Poisson distribution.

	Number of sub-time scans	Number of degrees of freedom	χ 2 value
	6000	4	3.95
	600	7	8.84
	60	26	12.4

Table 2 :

 2 Empirical Fano factors calculated from sub-time scans and the corresponding asymptotic 95% confidence interval.

	Number of sub-time scans	Empirical Fano factor	95% confidence interval
	6000	0.964	[0.965 ; 1.036]
	600	1.090	[0.890 ; 1.116]
	60	1.019	[0.672 ; 1.392]

A Poisson process is a specific kind of stochastic process, that is a specific set of functions equipped with a probability[START_REF] Van Kampen | Stochastic processes in physics and chemistry[END_REF].

Informally, the rate of a homogeneous Poisson process is the average of the number of events (nanoparticle arrivals here).

The condition ρQτ dwell 1 is less stringent than the previous one, ρQτp 1, when the dwell time is smaller than 0.1 ms, a value which is achievable with current generation instruments.
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