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Progress 
 
In the first 3 months of being selected as a Phase I finalist for the Nayar Prize, our group has made 
extraordinary efforts to advance as quickly as possible in order to take full advantage of this 
significant award. With specifics to follow, we have made progress in a number of areas including: 1) 
construction of a first generation imaging system and collection of the first two-dimensional images 
and 2) demonstration of a novel method to enhance detection of “early photons” that we are now 
employing to improve the ultimate spatial resolution of our imaging system. Work in these areas has 
already led to the submission of two conference abstracts (see attached example submitted to OSA 
Biomedical Optics Meeting), one patent application, and an R21 Grant Application. We are also 
currently writing up our enhanced early photon detection method for submission to one of the top journals in biomedical optics, Optics Letters. 
 
1) Imaging System Development: 
 
The first generation of the ADEPT Cancer Imager was built in the last 3 months around a single 
excitation laser at 785 nm (LDH-PC780 and PDL 800-B laser driver, Picoquant, USA) and one state-
of-the-art time-correlated single photon counting (TCSPC) (Picoharp 300, Picoquant, USA) single 
photon avalanche diode (SPAD) (MPD, Picoquant, USA) solid-state detector (Fig. 1b). The laser is 
driven by the laser driver, which is synced with the TCSPC module. The SPAD detects the signal 
coming through the sample (5mm thick cuvette with 1% intralipid solution) and signals the TCSPC 
module for time stamping which is then analyzed by the computer. We also set up a mechanized 3-
degree-of-freedom translational and rotational stage that can be computer controlled. All software 
was developed by Sinha and Brankov in MATLAB. 
 
 
 
 
 



 

 

 
Figure 1. Simulation output and First
profile as observed with only early arriving photons or the ballistic and quasi ballistic photons vs. the 
late arriving ones which are diffused in the medium a
schematic of the experimental setup along with the actual experimental setup is given.
 
 
2) A novel approach to significantly enhance detection of early
 
While there are a handful of groups employing early
linearity of signal in fluorescence tomography, we have just recently uncovered a novel approach to 
push early-photon imaging past the current applications, aimin
resolution in cancers. By leveraging the robustness of new single photon avalanche photodiode light 
detectors and saturation/“pile-up” effect, we have now demonstrated it is possible to significantly 
increase the number of early photons detected. In conventional TCSPC, count rate is limited by the 
dead time of the detector, the pulse rate of the light source (only 1 photon per laser pulse
effect), and how robust the detector is. In our ADEPT system, we have speci
SPAD detectors because they are robust to high levels of light, so essentially cannot be damaged by 
high photon counts. With these, we propose to drive our laser at a detection count rate that will far 

. Simulation output and First-Generation ADEPT System. (a) The simulated spatial sensitivity 
profile as observed with only early arriving photons or the ballistic and quasi ballistic photons vs. the 
late arriving ones which are diffused in the medium and have suffered scattering losses. (b) The 
schematic of the experimental setup along with the actual experimental setup is given.

2) A novel approach to significantly enhance detection of early-arriving photons
While there are a handful of groups employing early-photons to improve spatial resolution and 
linearity of signal in fluorescence tomography, we have just recently uncovered a novel approach to 
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exceed the pile-up effect limit so that many photons arrive at the detector within a single laser pulse 
period. Only one of these photons can be detected and it will always be the first photon that arrives. 
Therefore, we tested this hypothesis and show results in (
significantly improve the count rate of rare early photons, in 7 mm thick scattering medium, at the 
expense of not needed later arriving photons. Note that without pile
should be scaled versions of the low
photons, photons arriving before vertical line in (
powers (Fig. 2a). 
 

 
Figure 2. Advantages of using pile
photons. b: Pile-up effect and extreme improvement in early photon detection (early photon cut
dashed line). c: Log-scale sensitivity profile of “our” early photons (innovative to this proposal) in 5 
mm medium d: Same for (0-100 ps) photons (best poss
100-μm fluorescent inclusions separated by 100 μm. 
and conventional early photons10 through object in 
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1. Lagnojita Sinha, Wei Zhou, Rajendra Mehta, Jovan G. Brankov, Kenneth M. Tichauer. 
Enhanced detection of early photons in timecharacteristics of SPADs. OSA Biomed

2. Lagnojita Sinha, Wei Zhou, Jovan G. Brankov, Kenneth M. Tichauer. Higher spatial resolution obtained using dead-time effect of detector. 
Imaging (ISBI), Prague, Czech Republic, April 2016.

 
 

so that many photons arrive at the detector within a single laser pulse 
period. Only one of these photons can be detected and it will always be the first photon that arrives. 
Therefore, we tested this hypothesis and show results in (Fig. 2b), which indicate that we can 
significantly improve the count rate of rare early photons, in 7 mm thick scattering medium, at the 
expense of not needed later arriving photons. Note that without pile-up and saturation effect all curves 
should be scaled versions of the lowest intensity curve. We also measured that the number of early 
photons, photons arriving before vertical line in (Fig. 2b), is linear with laser power even at very high 
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100 ps) photons (best possible without pile-up10). 
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Enhanced detection of early photons in time-domain optical tomography using deadOSA Biomed, Fort Lauderdale, FL, April 2016. 
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Invention Disclosure Submitted 
1. Kenneth M. Tichauer, Jovan G. Brankov, Lagnojita Sinha, “Enhanced early photon paired-

agent 3D fluorescence mesoscope,” submitted to IIT Technology Transfer, November 27, 
2015. 
 

Grants Submitted 
1. NIH R21 EB021621, “Three-dimensional in vivo quantitative imaging of cancer-drug efficacy in 

preclinical tumor models,” 7/1/16-6/30/18, $442,966. ($120,698 Indirects) PI: Tichauer; Co-I: 
Brankov, Mehta 
 

Journal Manuscript in Preparation 
1. Lagnojita Sinha, Wei Zhou, Rajendra Mehta, Jovan G. Brankov, Kenneth M. Tichauer. Enhanced early photon detection through dead-time effects. In preparation for Optics Letters. 


