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S1. Study approach
The study approach is described in Figure S1. Briefly, particles were emitted from a Gnome turboshaft engine located at the Rolls Royce facility in Derby, UK, and was operated at low (13,000 revolutions per minute (RPM) or idle conditions) and high (22,000 RPM) rotational speeds. The mass concentration of particles leaving the engine source are characterized using a Centrifugal Particle Mass Analyzer-Electrometer Reference Mass Standard (CERMS) [1]. The particle mass measurement is simultaneously measured using an Artium Technologies LII 300, which measures the refractory black carbon mass using an incandescence signal and thermal emission measurements. A scanning mobility particle sizer (SMPS 3938, TSI Inc., USA) is used the measure the mobility size distribution. Note that for comparison, mobility size distributions were also measured when emitted by the engine prior to particle classification and measurement using the CERMS system and discussed in Section S3.
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[bookmark: _Ref187736820][bookmark: _Ref174353447]Figure S1: Illustration of the approach adopted to measure the mass absorption cross-section (MACλ or µabs,λ) and infer the absorption function E(mλ). SMPS: Scanning Mobility Particle Sizer. CPMA: Centrifugal Particle Mass Analyzer. UDAC: Unipolar Diffusion Aerosol Charger. FCAE: Faraday Cup Aerosol Electrometer. CERMS: CPMA-Electrometer Reference Mass Standard. LII: Laser-Induced Incandescence. PMT: Photomultiplier tube. #: particle number concentration. mp: particle mass. dm: particle mobility diameter. H: calculated or estimated morphology correction factor, often represented by H (e.g. [2]). ρm: particle material density. M: mass concentration. E(mλ)r or E(mλ1)/ E(mλ2) : ratio of absorption function at λ1 and λ2. Priors are discussed in Section S2: Uncertainty approach.

S2. Bayesian approach 
The mass absorption cross-section can be expressed as 

and the true absorption function as 

which is a function of the above listed parameters. 
A Bayesian approach [3] is used to estimate both the expected values and uncertainties in the MAC and the absorption function distribution. This approach was applied at each particle size and both of the LII detection wavelengths. Marcov chain Monte Carlo (MCMC) is used to generate representative samples to find the range of optical properties that could result in the observed measurements. Prior knowledge is encoded in probability density functions to constrain the values of ρm, H, E(mλ)r and M, considered here as nuisance variables. These parameters, although not explicitly reported as an output of the sampling procedure, contribute to the overall uncertainty. The data are evaluated and iteratively updated based on a likelihood, which represents the probability of the observed data, given values for MACλ and E(mλ) functions and the nuisance parameters. The priors and likelihood functions used in this work are detailed in Table S1. A total of 25,000 samples were generated for four Markov chain.

[bookmark: _Ref189789972]Table S1: Variable list and functions. The likelihoods are applied at both wavelengths, this the product at each wavelength being used as the combined likelihood. To ease samples, the logarithm of the probability density function is used in the MCMC procedure. 
	Variables
	Probability density function
	Values

	Material density 
	
	

	RDG-FA correction factor H
	
	

	Absorption function ratio 
	
	

	Likelihood E(mλ)
	
	


	Likelihood MACλ
	
	


S3. Size distributions
[bookmark: _Hlk184156140]Number mobility size distributions measured both before and after particle classification, are shown in Figure S2. Each curve is the average of three repeated measurements, with error bars showing the associated standard deviation. The panels show the two engine setpoints tested (high speed at 22,000 RPM and idle at 13,000 RPM). The upstream distributions are of similar width, as quantified by a geometric standard deviation (GSD) of about 1.5. However, smaller mean sizes and lower concentrations were measured at engine idle, with a geometric mean mobility diameter (GMD of dm) of 54 nm compared to a GMD of 115 nm at higher engine speed. Typical soot GMDs for aviation turbofan engines are < 70 nm [4, 5], smaller than the larger sizes measured in the current study.
[bookmark: _Hlk184996547] Olfert et al. [6] measured the particles emitted from a Gnome engine, at similar setpoints to this study,  providing the particle size distributions of the volatile and non-volatile particle fractions, and transmission electron microscopy analysis. Those authors measured projected-area-equivalent primary particle diameter of 21.5 ± 3.5 nm (coverage factor k=1) and 17.2 ± 5.3 nm (k=1) at 22,000 and 13,000 RPM, respectively, and the mobility particle size distributions had GMDs of approximately 30 and 70 nm for the two engine setpoints. [4, 5] The larger mobility diameters obtained in the present study could be due to particle coagulation in the sampling lines, since no dilution was used, or due to size-dependent diffusional losses in the sampling line caused by the operational condition of the catalytic stripper in the experimental setup. Coagulation is dependent on the particle number concentration and size which might cause a shift in the particle size distribution. 
As expected, for both engine setpoints, a shift to larger particles is noted as the CPMA-classified mass-to-charge ratio m* increases. GSDs for all number size distributions ranged between 1.2 and 1.3. For some m* setpoints, multiple peaks in the size distribution can be noted at idle conditions. These peaks represent the separation of multiply charged particles with the same mass-to-charge ratio but different charge (e.g. q = 3, 4, 5, …), passing through the CPMA. This peak separation is not observed at higher m* setpoints because the number of charges which allow for classification at m* = m/q is larger at higher m* (and larger particles are more likely to obtain higher q in the unipolar charger), as discussed further in Corbin et al. [7]. As expected, the relative height of the classified particle distributions varies with increasing m*, due to the changes in the number of upstream particles. 
We note that the classified data are plotted on an axis one order of magnitude smaller than the pre-classified data. This shows a low transmission efficiency through the CERMS of under <5%. This low transmission efficiency is due to the particle losses through the UDAC (approximately 40% transmission efficiency at a flow rate of 1.5 L/min) and the CPMA classification, where a large portion of the particles intentionally deposit onto the rotating cylinders during classification. 

[image: ]
[bookmark: _Ref161673368]Figure S2: Number size distributions for two engine setpoints; 22,000 (left panel) and 13,000 RPM (right panel) prior to (left axis) and post (right axis) CPMA classification. The number size distribution downstream of CPMA classification is shown for a range of CPMA mass-to-charge ratios (m*). The shaded area and error bars represent the standard deviation in the measured value based on three repeated measurements. Note the different order of magnitude for the vertical axes, where the right axis is amplified to better show the mass-classified distributions.
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