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BACKGROUND: CROSS-BEAM INTERFERENCE 

Cross-beam fluorescence spill in flow cytometry is fluorescence emission off a 

secondary laser – the laser that is not the primary source of excitation for the given 

fluorochrome.   

 

Spectral flow cytometry, engineered by Sony Biotechnology Inc., provides a unique 

straightforward and comprehensive means to assess cross-beam emissions from 

500-800nm. This exercise is possible because the SP6800 Spectral Analyzer utilizes 

a 32 channel spectral PMT that captures emitted photons conventional filter based 

cytometers lose.  Though cross-beam excitation is a known phenomenon, we show 

spectral graphs of this occurrence for the first time.  An example of cross-beam 

emission is shown below: PE fluorescence off a secondary, 405 nm (violet) laser.  

ANTI-TIM-1 mAb, CR014, ADC 

PE-Cy7 and APC-Cy7 
Like fluorescent spillover between detectors in conventional cytometers, cross-beam 

interference is largely unwanted and has been one-source of contention in multi-

color panel design and analysis. In spectral flow cytometry fluorescence spillover 

emissions are not simply subtracted from the fluorochrome’s main emission peak, 

but are able to be fully defined and corrected for via the mathematical process of 

spectral unmixing, employing algorithms for identifying and separating overlapping 

waveforms: 

Visualization of Cross Beam Excitation: Main and cross-beam fluorescence 

of PE fluorochrome. The main source of PE excitation in this configuration is a 

blue 488 nm laser. Secondary laser: violet 405 nm laser. This and other 

spectral data was generated using SP6800 Spectral Cell Analyzer from Sony.  

Compared to conventional fluorescence compensation, spectral unmixing provides a 

superior means by which to define cross-beam interference and make corrections for 

cross-beam fluorescence spillover, as demonstrated here through the comparison of 

post-compensation Stain Index values.  

Formula for Stain Index calculation. 

Fluorochrome Combinations 
Pairs of fluorochromes were selected from the large variety analyzable by spectral 

flow.  These pairs were selected for this study, based on the following: 

1. Expected substantial asymmetrical cross-beam fluorescence spill within each 

pair of fluorochromes, primarily in one direction: from fluorochrome A to 

fluorochrome B (not from B to A). 

2. Each fluorochrome’s ability to be compatible with the optical configuration of a 

BD FACSCanto instrument, to allow direct comparison of spectral cell analysis 

and unmixing to conventional flow cytometry and fluorescence compensation. 

 

Samples 

Each test sample contained a mixture of single-stained beads (representing both 

fluorochromes in the pair) and unstained beads. 

Flow cytometry analysis 

Samples were analyzed in parallel using Sony SP6800 Spectral Cell Analyzer and 

BD FACSCanto flow cytometer. 

SP6800 spectral data 

Spectral unmixing was done in Sony SP6800 software, using the CPSA 

(Constrained Probabilistic Spectral Analysis) algorithm. Final numerical values for SI 

calculations were obtained in FlowJo software. 

FACSCanto conventional data 

Final data analysis and fluorescence compensation were performed using FlowJo 

software.  

Pair 1: PE-Cy7 and APC-Cy7 

Cy7 portion of PE-Cy7 tandem is responsible for the expected cross-beam emission 

spilling into the main emission range of APC-Cy7 (red laser excitation). 

APC-Cy7 fluorescence emission is not expected to significantly spill into the main 

emission area of PE-Cy7 (blue laser excitation):   
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Post-compensation Stain Indexes: 

Pair 2: PerCP-Cy5.5 and APC 

Cy5.5 portion of PerCP-Cy5.5 tandem is responsible for the expected cross-

beam emission spilling into the main emission range of APC (red laser 

excitation). That cross-beam emission increases with deterioration of the 

tandem and increased presence of breakaway Cy5.5, as shown above. 

APC fluorescence emission does not significantly spill into the main 

emission area of PerCP-Cy5.5 (blue laser excitation):   

Post-compensation Stain Indexes: 
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Pair 3: PerCP-Cy5.5 and Alexa Fluor 647 

Similar to the previous pair of fluorochromes, Cy5.5 portion of PerCP-Cy5.5 tandem is 

responsible for the expected cross-beam emission spilling into the main emission 

range of Alexa Fluor 647 (red laser excitation). This is particularly noticeable after 

partial deterioration of the tandem. The extent of cross-beam interference is slightly 

higher for this pair of fluorochromes. 

 

Alexa Fluor 647 fluorescence emission does not significantly spill into the main 

emission area of PerCP-Cy5.5 (blue laser excitation):    

Post-compensation Stain Indexes: 
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In this study we addressed cross-beam fluorescence emission interference within three 

pairs of fluorochromes. According to the fluorescence spectra of individual 

fluorochromes, within each of the three pairs there is a significant asymmetrical (uni-

directional) cross-beam fluorescence spillover from one of the fluorochromes in the pair 

to the other: 

Post-compensation Stain Index values were calculated for each fluorochrome in each 

pair, after spectral unmixing (SUN) and after conventional compensation (CC):   

Conclusions 
 

• Stain Index  has proven to be important for aiding conceptual panel design.  

Multicolor/Multiparametric cell analysis in conventional cytometry requires the 

researcher consider not only the excitation capacity, but also the ability for the 

instrument to properly detect each reagent included in the panel design.   Crossbeam 

spillover is just one example of a limitation in conventional filter based cytometers. 

Complex compensation matrices do attempt to resolve this limitation, but are unable to 

resolve such spill with the same power as spectral unmixing algorithms.  In the Sony 

SP6800 Spectral Cell Analyzer, all emitted light from  500-800nm is collected 

broadening panel design choices as all collected photons are used in analysis matrices 

increasing resolving power as shown above.    
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Sony SP6800 3 Laser Spectral Cell Analyzer 

Observations 
 

• For the fluorochromes that did not receive substantial cross-beam spillover from 

the other fluorochrome in the pair, differences in post-compensation SI values 

were not significant, and not consistently in favor of one or the other cytometry 

platform or related compensation method. 

• For the fluorochromes experiencing substantial cross-beam interferences (on 

right side in above diagram), the differences between SI values for each 

fluorochrome were significant, and consistently in favor of spectral flow cytometry 

and spectral unmixing matrices, revealing advantages of spectral unmixing as 

the superior method for defining cross-beam fluorescence interference and 

correcting for such interference.    
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