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Supplemental Information

1. PET Supplemental Figures
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FIG. 18: Dependence of the Mutual information between two states that differ in their PET distance by 1/28 with the closer
state at B(r1 — 7o) as indicated on the horizontal axis for several values of ko.
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FIG. 19: Dependence of the Mutual information between two states that differ in their PET distance by 1/23 with the closer
state at B(r1 — 7o) as indicated on the horizontal axis for several values of k.
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FIG. 20: Dependence of the Mutual information between two states that differ in their PET distance by 1/28 with the closer
state at B(r1 — ro) as indicated on the horizontal axis for several values of 7.
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2. FRET Supplemental Figures
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FIG. 21: Donor Lifetime Dependence Donor (left), Acceptor (middle), and Total (right) contributions to the Mutual
information of two states separated by §R=Ro/20 as a function of the closer state distance at varying levels of the donor

radiative rate, kyq as labeled in the figure.
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FIG. 22: Donor Lifetime Dependence Donor (left), Acceptor (middle), contributions to the Marginal information of two
states separated by dR=Ro/20 as a function of the closer state distance at varying levels of the donor radiative rate, k.q as
labeled in the figure compared to the Total (right) Mutual information.
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FIG. 23: Acceptor Lifetime Dependence Donor (left), Acceptor (middle), and Total (right) contributions to the Mutual
information of two states separated by 0R=Ro/20 as a function of the closer state distance at varying levels of the acceptor

radiative rate, k., as labeled in the figure.
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ky, effect on donor only information ky, effect on acceptor only information Effect of k,, on total Information
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FIG. 24: Acceptor Lifetime Dependence Donor (left), Acceptor (middle), contributions to the Marginal information of
two states separated by R=Ro/20 as a function of the closer state distance at varying levels of the acceptor radiative rate, kyq
as labeled in the figure compared to the Total (right) Mutual information.
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FIG. 25: Signal:Background Dependence Donor (left), Acceptor (middle), and Total (right) contributions to the Mutual
information of two states separated by dR=R(/20 as a function of the closer state distance at varying levels of signal-to-
background, v as labeled in the figure.
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FIG. 26: Signal:Background Dependence Donor (left), Acceptor (middle), contributions to the Marginal information of
two states separated by dR=R(/20 as a function of the closer state distance at varying levels of signal-to-background, v as
labeled in the figure compared to the Total (right) Mutual information.
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FIG. 27: Direct Acceptor Excitation Dependence Donor (left), Acceptor (middle), and Total (right) contributions to the

Mutual information of two states separated by § R=Ro/20 as a function of the closer state distance at varying levels of direct
acceptor excitation, £ as labeled in the figure.
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Effect of £ on donor only Information Effect of £ on acceptor only Information Effect of ¢ on total mutual Information
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FIG. 28: Direct Acceptor Excitation Dependence Donor (left), Acceptor (middle), contributions to the Marginal infor-
mation of two states separated by 6R=Ry/20 as a function of the closer state distance at varying levels of direct acceptor
excitation, £ as labeled in the figure compared to the Total (right) Mutual information.
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FIG. 29: Acceptor-Donor Leakage Dependence Donor (left), Acceptor (middle), and Total (right) contributions to the
Mutual information of two states separated by R=R/20 as a function of the closer state distance at varying levels of Donor-
Acceptor leakage, ¢ as labeled in the figure.
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FIG. 30: Acceptor-Donor Leakage Dependence Donor (left), Acceptor (middle), contributions to the Marginal information
of two states separated by 6 R=R/20 as a function of the closer state distance at varying levels of Donor-Acceptor leakage, §
as labeled in the figure compared to the Total (right) Mutual information.
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FIG. 31: Donor-Acceptor Leakage Dependence Donor (left), Acceptor (middle), and Total (right) contributions to the
Mutual information of two states separated by d R=R/20 as a function of the closer state distance at varying levels of Acceptor-
Donor leakage, € as labeled in the figure.
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FIG. 32: Donor-Acceptor Leakage Dependence Donor (left), Acceptor (middle), contributions to the Marginal information
of two states separated by §R=Ro/20 as a function of the closer state distance at varying levels of Acceptor-Donor leakage, €
as labeled in the figure compared to the Total (right) Mutual information.
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FIG. 33: IRF width Dependence Donor (left), Acceptor (middle), and Total (right) contributions to the Mutual information
of two states separated by 0 R=Ro/20 as a function of the closer state distance for several different IRF widths, w as labeled
in the figure.
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FIG. 34: IRF width Dependence Donor (left), Acceptor (middle), contributions to the Marginal information of two states
separated by R=R/20 as a function of the closer state distance for several different IRF widths, w as labeled in the figure
compared to the Total (right) Mutual information.



	Contents
	Introduction
	Purpose
	Single Molecule Luminescence
	Time-correlated single-photon counting
	Information theory
	Observables and System State
	Mutual Information
	Multiple Observables
	Multiple Observations


	Computational Methods
	Results and Discussion
	Information content of photon stream
	Two-State Information

	Information losses in TCSPC
	Time-to-amplitude-converter (TAC)
	Digitization Losses
	Instrument Response Losses
	Information Losses due to Background
	Interference from dark states

	Distinguishing spectrally identical dyes by lifetime
	Resolution of a PET distance measurement
	Formulation

	Resolution of FRET measurements
	Lifetime measurement of FRET
	Ratiometric vs. Full TCSPC
	Donor and Acceptor contributions to total information
	Optimizing FRET experiments

	Position in beam

	Conclusions
	Acknowledgments
	References
	Supplemental Information
	PET Supplemental Figures
	FRET Supplemental Figures


