Statistical Connection of Photon Counting and Photon Averaging
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The spatial distribution and crystalline properties of dosed active pharmaceutical ingredients (APIs) can affect their bioavailability &
and efficacy. Second harmonic generation (SHG) microscopy as measured by a photomultiplier tube (PMT) has been shown to
be effective for imaging of APIs. Data from PMTs are typically analyzed by either simple averaging to acquire a value
presumably proportional to the Poisson mean of photons (1) for bright signals, or by counting the number of signal events per
number of trials which directly recovers A for dim signals. In recent work, the range of photon counting was extended out of the
dim signal limit by a statistically derived log transformation. Here, work has been done to explicitly derive 2 from signal
averaging data, and then to statistically bridge the two strategies into a single technique. Experimentally, the achieved

the PMT used. Future work will allow multiple simultaneous optical channels of detection to enable quantitative API analyses.
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Right: A Poisson random number of second
harmonic photons is generated at the sample.
When these photons reach the detector, a
coherently summed lognormal random amount
of voltage is generated per photon. The
observed voltage distribution from the detector
conforms to a Poisson weighted linear

combination of lognormal distributions.

Photon Counting
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Experimental Results

\ SHG images of crystalline urea. (Left Column) Full
\\ contrast image, (Right Column) Contrast adjusted to

=0.02.

max

(A,B) Analysis with photon averaging only. The majority
of the image is silhouetted in comparison to the
brightest pixels in (A), up to A=74. The dimmest pixels
(&8 are evident in (B), but are as prominent as the
% \\\\ horizontal streaks and noise in the image.

- ~ (C,D) Analysis with binomial counting only. The largest
§ recoverable value was A = 6.23; pixels brighter than this
were clipped to this value in (C). The dimmest pixels are
W casily identifiable in (D), and the instrument noise is not
BN evident.

\\ E,F) Preferential crossover analysis incorporating
\ photon averaging and binomial counting. Pixels brighter
.~ than 1=0.48 were analyzed by photon averaging, so the
¥ full upper range of detection is preserved in (E). Pixels
dimmer than 1=0.48 were analyzed by binomial
counting, so the lower range of detection is preserved in

(F).

100 fx (G) (G) Signal/noise of photon averaging and binary
Z g0 *"  counting as a ratio of the theoretical maximum SNR (the
@ SNR of the underlying Poisson distribution). SNR at the
3 0 Crossover Point crossover point is at ~87% of the theoretical limit. p; =
g 0 7.2mV, 0, =4 mV, g, = 0.3 mV. Analytical equations are
§ gmﬂmg;ﬁ"g plotted against simulation, where data were simulated

20 - Simulated Averaging per sample by summing a Poisson random amount of
X Smulated Counting lognormal random numbers, with an additional normal
(1)074 1072 1072 107 10° 10* random number to represent Johnson noise (between 2
A %108 values at low X to 5000 at high ).
Multiple Polarizations and Detectors
Exigent trans Exigent trans Exigent epi  Exigent epi
P polarized _ S polarized _ unpolarized _ reflectance
SHG imaging of cellobiose
Incident P deposited on z-cut quartz
polarized immersed in oil Four
detectors were simultaneously
used to capture the data with
an Alazar ADC capture card.
. The 80MHz imaging laser was
Incident S firing rate doubled to 160MHz,
polarized which generates orthogonally
interleaved laser shots. Lock-
in amplification is replicated in
software by simple subtraction
Incident P-S of the images generated by
difference incident P and S polarizations.




