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d = Rayleigh Criterion length

λ = wavelength

NA : Objectvie Numerical Aperture

For visible wavelength 

d ~ 250nm
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Principle of SOFI

Emitter distribution
In the object plane

Magnified detail of A
: Conventional imaging cannot resolve two points

Time trace of B 2nd order
correlation function of C

Two points are 
Resolved! 



Three Condition for SOFI

1. The fluorescent label has to exhibit at least two different emission 
states. For example, these states can be a fluorescent and a 
nonfluorescent one, but in principle any two or more states that are 
optically distinguishable will do.

2. Different emitters have to switch between states repeatedly and 
independently from each other in a stochastic way.

3. For this approach, the image should be acquired with pixels smaller 
than the diffraction limit. Resolution less than the pixel size will be the 
topic of a future publication.



Theory 1 – Correlation Function

Fluorescence source distribution

Fluorescence signal at position r and time t

Fluorescence Fluctuation

2nd order correlation function

k : constant molecular brightness
sk(t) : time-dependent fluctuation



Theory 2 – Correlation Function to Cumulant Function

PSF in 2nd order Image

Generalize correlation function

Cumulant function Cn(r,1,…,n-1)

k : correlation-based weighting function

All cross terms caused by lower-order correlation contributions are 
elimunated in cumlulants.

Consider 4 photons from two emitters in one pixel,

4th order correlation contribution is concealed by 
lower order (2nd order) contribution 



Theory 3 – Cumulant Function

Resolution is enhanced by a factor n
n-fold larger brightness will appear 2n times brighter in nth order Image



Setup



Results 1 – Images of Two Quantum Dots due to Correlation Orders

Cross-section of 
Original Image

Signal to Background Ratio (S/B)
2,000 frames (100 ms per frame)

S/B : 1.9
FWHM : 289nm

Original

9th

2nd 4th

16th 25th

250nm

S/B : 250 Profiles & Fits

FWHM versus
Correlation Order

FWHM(n) = 50n
a

where a = 0.51 ~ 1/2

FWHM : 55nm



Results 2 – Point Spread Function from Single Quantum Dot

1/e2 iso-surfacesOriginal, 2nd, 4th, 9th and 
16th order Image

300nm spacing scan image
4,000 frames (75 ms per frame)

Original Image

2nd order Image

Cross-section of Original Image

Cross-section of 2nd order Image

Results 3 – Resolution Enhancement



Results 4 – SOFI Images of Cells (-tubulin network of a 3T3 fibroblast cell)

QD625 Labeled
3,000 frames (100 ms per frame)

Original Image

2nd order Image

A deconvolved

C deconvolved



Limitation 1. The Brightness Scaling of the Images

Original
Image

2st order 
Image 4nd order Image

n-fold larger brightness will appear 2n times brighter in nth order Image
-> very high Dynamic Range
-> Masking effect of dim emitters in proximity to bright emitters

Blue to red : cumulant order 1,2,4,6
Gray : individual diffraction limit

Blinking rate : 10% of Frame rate



Limitation 2. Limited measurement time

Kuno et al., J. Chem. Phys (2001)
Power law on/off distribution

CdSe QD
Ar-laser

Theoretically, SOFI eliminate any kinds of noise

Acquisition times are limited
( by photobleaching … )

Potential to super-resolution imaging
at high frame rates

QDs remain in the on state for a few 
seconds leading to very different 
brightness values in image

-> Need to uniform and fast blinking 
emitter for SOFI at high frame rates



Conclusion


