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Set Sort Decisions

Sort Modes

The target population may be sorted using three different modes depending on the output desired. 
Each mode is defined by the location of the particle within the drop and the location of 
contaminants in either the primary drop (the central drop of interest for the sort logic) or adjacent 
drop (a single drop surrounding the primary drop). Below is an explanation of the three types of 
sort modes available in Summit:

Enrich — The Enrich Mode is used when recovery is the most important aspect of the sort. With 
Enrich, all positive events (an event that falls within the sort logic) are sorted.

•   Recovery is more important than purity.

•   All positive events are sorted, regardless of any negative events (an event that falls 
outside the sort logic) in or near the drop being sorted.

•   Provides the greatest efficiency and recovery.

Purify — The Purify Mode is used when the purity of the sort is the most important.

•   Purity is more important than recovery.

•   The drop being sorted will contain positive events.

•   If the drop contains negative events, it will be aborted. 

•   If the adjacent drop (in the edge of the drop) contains any negative events, the primary 
drop will be aborted. As the event rate increases, the abort will also increase because of 
the likelihood that the adjacent droplet will have a negative event.

Single — The Single Mode is used when having only one event per drop is the most important 
aspect of the sort.

•   Having one positive event per droplet is the most important aspect of single mode, 
recovery is not as important.

•   Only single event found in the drop is sorted.

•   Used most often for single cell disposition into plates/slides for cloning purposes.

The Sort Modes are described in Figure 8.7, Sort Modes Applied to the Same Sort Stream. The 
stream is represented by the blue dots flowing down the figure with either the target population 
(aqua) or the contaminant population (orange) located within the droplet. Droplets are either 
sorted (black highlight) or aborted (red highlight) depending on the sort mode chosen. The sort 
modes are demonstrated from left to right; Single, Purify and Enrich. The Single Mode only sorts 
droplets that have 1 event in the droplet; the Purify Mode sorts droplets that have only positive 
events; while the Enrich Mode sorts any droplet that has a positive event.
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defined by the Abort Mode and Drop Envelope, or Sort Precedence. Most frequently, the abort 
happens when two events are close enough together that the signal fails to drop below the 
threshold. Since the width of the pulse is too wide for a single event, both events are aborted. As the 
speed of the sample increases, the efficiency rate will decrease as the aborts increase. 

The abort amount is also defined by the Sort Mode. At the higher speeds, events will be going 
through the laser interrogation point faster and due to the electronic sampling rates, the pulses of 
the two events may merge. When the two pulses merge, the sort logic is unable to define positive 
from negative and therefore aborts both events. 

Sample quality and preparation are key elements to reducing the abort rate and increasing the 
efficiency. If the cells in the sample are clumpy, the cells being interrogated will have merged pulses 
and will be aborted by the sort logic. To maintain a low abort level due to sample preparation, 
samples should be filtered and treated with appropriate buffers to mitigate clumping. Users should 
use Doublet Discrimination when dealing with clumpy samples.

When choosing which sort mode to use, consider the effect on efficiency. For example, a user wants 
to sort human CD34+ cells and several lymphocyte lineage markers at 45K EPS. If the researcher 
wants to sort into plates with one CD34+ cell per well, the sort mode Single (1/2 drop) would be 
chosen. At 45K EPS, the efficiency would be near 50% and a purity of 100%. The sort logic would only 
keep cells that gave a singular pulse without any other cells and therefore would abort any droplets 
that have a contaminant. If the researcher changed to a Purify Mode (Drop 1-2) for the CD34+ and 
sorts into tubes, the efficiency may be closer to 70% and 100% purity. The sort logic would take all 
droplets that contain positive events, but no negative events. Finally, for rare-event sorts, 
researchers would set the sort mode to Enrich (1-2 Drop). With this setting, all droplets are used 
that have any positive event and therefore the efficiency is 100% (no aborts), but the purity may be 
60-70%. 

Purity

The purity of the sort output is defined by several different factors including; Sort Mode, sample 
quality, events per second and the target population. It is essential to choose the proper sort mode 
for the application and sort output desired.

The sort output purity is defined as the (Amount of the Target Population)/(Target Population + 
Contaminant Population). The purity of the sample may be affected by sample preparation, Sort 
Mode, fluidic stability or drop delay settings. 

When sorting the desired population, cells that have a higher fluorescence signal to noise will be 
easily distinguishable from contaminants and may provide a better purity. To achieve highest 
purity, researchers should optimize antibody concentrations and use the correct laser-
fluorochrome parameter.

In addition, setting the threshold properly on the triggering parameter may affect the sort purity. 
If the contaminant is below the signal threshold; the contaminant will not be detected and may be 
sorted with the positive event. For example, a researcher sorted out CD19 lymphocytes from 
unlysed whole blood at 60 EPS. The percent threshold was set too high and therefore the red blood 
cells were present in the sample, but undetected, (and therefore not aborted) during the sort. The 
sample purity was lower than expected (85%) due to the undetected red blood cells. By lowering the 
threshold and adding additional specific antibodies, (i.e. CD41 and CD235), the sort purity increased 
to 99%.
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The sort mode may also affect the sort purity. As discussed in the Efficiency section, the purity of 
the sample is directly affected by choosing the appropriate sort mode. If the Enrich Mode is chosen, 
the sort logic will sort a droplet that has a positive event, even though it has a negative event. 
Therefore, the purity of the sample may be reduced when using this sort mode. Both the Single and 
Purify Drop Modes maintain high purity. 

The fluidic stability of the droplets (including frequency, amplitude and charge phase) are essential 
components to an effective and pure sort. Follow the Sort Setup Using IntelliSort with Automatic 
Drop Delay Determination procedure to set up the sort components properly. If the system is unable 
to maintain Intellisort due to fluidic instability, the purity of the sample may decrease.

Finally, the drop delay value determined automatically by Intellisort II or manual drop delay may 
affect the purity of the sample when the drop determination varies greater than 15% from actual 
drop delay. If the drop delay value varies less than ±15%, the system will maintain purity. 

Setting up a Sort: Sort mode, Stream Precedence and Drop Envelope Summary

1 Choose only as many sort streams as required by the sort.

a. Plate/Slide sorting: L1, 1 stream.

b. Tube Sorting: only as many streams as needed.

2 Choose location of the stream during a multi-way sort.

a. Place rare events in outer streams.

1) For a 6-way sort, place rare events in L3, and R3.

2) For 4-way sort, chose L2and R2.

b. Place Enrich or Abort streams in the inner most tubes (L1, R1).

3 Choose the sort mode.

a. Plate/Slide sorting (for 1 cell per well): Single.

b. Tube Sorting.

1) Purify (higher purity).

2) Enrich (higher recovery).

4 Select the correct droplet Envelope for each stream.

a. 1/2 Drop - Single Mode Plate Sorting.

b. 1 Drop - Purify Mode (higher purity, lower recovery).

c. 1-2 Drop - Purify or Enrich Mode (higher recovery).

d. 2 or 3 Drop - Only used if drop delay error is greater than 15%.
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Begin Sorting to a Plate or Slide

1 To begin sorting, click the sort icon or click Start.

Figure 8.18  CyClone Start Sort

Additional Sorting Information

During a sample run, the sample pressure should be approximately 0.1-0.5 psi greater than the 
sheath pressure. This is known as the pressure differential. Nominal operating sheath pressure is 
usually 60 psi (approximately 61.5 psi at the sheath tank) as paired with a 70 µm nozzle. 

The pressure console regulates the sheath pressure and sample pressure. The sample differential 
pressure is controlled through the Touch Screen Control Panel. The goal of the operator is to adjust 
the pressure differential based on the desired events-per-second (EPS) rate when processing a 
particular sample.

NOTE Sheath Pressure and nozzle size are the only variables that will affect the stream velocity, and 

therefore, will warrant a change in the inter-laser delay value. Inter-laser delay is the time it takes a 

particle to travel from the first laser pinhole, to the second laser pinhole, and so on until it passes pinhole 

seven. If you change the nozzle, or the sheath pressure, you must rerun the QC procedure in order to 

automatically reset inter-laser delay.

Changing the Operating Pressure

Nominal operating pressure is usually 60 psi as paired with a 70 µm nozzle. However, it is possible 
to adjust the pressure up to 100 psi using the coarse knobs on the front of the pressure console. 
Always remove the sample from the instrument, and ensure the SmartSampler chamber is open, 
before making any of the following pressure changes.

Changing Inter-laser Delay Values

Inter-laser delay is the time it takes a particle to travel from the first laser pinhole, to the second 
laser pinhole, and so on until the particle travels all the way past pinhole seven. After a significant 
pressure change, it is necessary to rerun the QC procedure, which automatically resets the inter-
laser delay values. See CHAPTER 7, Quality Control.
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For more information on Laser Delay, please refer to the Laser Delay section in Chapter 6. Press the 
Laser Delay optimization button to set the laser delay for a different pressure setting. Follow the on-
screen instructions. Detailed information is located in the Laser Delay section.

Decreasing the Pressure

When decreasing the nominal operating pressure, lower the sheath pressure to the desired level 
using the sheath regulator knob on the pressure console Figure 2.21. Next, lower the sample 
pressure to approximately 0.2 psi above the sheath pressure. Then, vent the pressure at the sheath 
tank.

NOTE After making adjustments at the pressure console, check the pressure at the sheath tank. Do not run 

samples until the sheath tank pressure gauge is correct.

Increasing the Pressure

When increasing the nominal operating pressure, raise the sheath pressure to the desired level 
using the sheath regulation knob on the pressure console Figure 2.21. Next, raise the sample 
pressure to approximately 0.2 psi above that of the sheath with the sample regulation knob on the 
pressure console.

NOTE After making adjustments at the pressure console, check the pressure at the sheath tank. Do not run 

samples until the sheath tank pressure gauge is correct.

Processing Speed Limitations

The MoFlo Astrios is designed to sort events very quickly. In fact, good purity and recovery can be 
achieved at speeds of >70,000 events per second. However, you must make sure that your cell 
concentration is such that you can achieve high event rates at an acceptable pressure differential.

The MoFlo Astrios electronics most efficiently process cells that arrive at the interrogation point in 
single file. If you increase the pressure differential by more than 0.8 psi (60 psi; 70 µm tip), this will 
cause the cells to arrive at the interrogation point simultaneously and will therefore increase 
coincidence and sort logic aborts. Therefore, if you wish to process cells at a high event rate, make 
sure your sample is adequately concentrated.
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Soft Aborts

A Soft Abort occurs when a positive event, as defined by the Sort Decisions set in Summit, fails to 
pass the criteria defined by the Abort Mode and Droplet Envelope Figure 8.7, or Sort Stream 
Precedence. This failure causes an abort of the positive event and is tallied in the abort statistics and 
the Abort Rate data on the Touch Screen Control Panel Statistics screen.

When an event fails the Sort Logic, as defined by the Sort Decisions set in Summit, it is identified as 
a negative event, which is aborted. These negative events are not counted in the abort statistics, but 
are included in the total events and event rate.

Sort Decisions and Doublets

When particles flow at very high event rates, it is possible that two particles overlap and appear as 
one larger particle. This is called a doublet.

For many sorting applications it is critical that only single cells be analyzed and sorted.

Doublets

A doublet occurs when two particles cross the interrogation point at or near the same time. The 
probability of doublets increases when analyzing cells that tend to stick together, or when cells are 
flowing at a high event rate or a high pressure differential. Proper sample preparation and pre-
filtering the sample can minimize doublets or clumps of cells. Sample can be agitated to minimize 
doublets. 

Figure 8.20  Doublet Diagram

The linear area and log area signals for a doublet yield a greater value than of a singlet. However, 
linear height and log height signals do not provide any information that distinguishes a singlet from 
a doublet. To determine doublets you must collect area or pulse width data.
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Data Type Parameters

Data Type parameters are enabled or disabled in Summit and on the Touch Screen Control Panel 
Fine Alignment screen and are defined as:

 • H = linear height

 • A = linear area

 • W = pulse width

 • L = log height

 • LA = lot area

Before you can set up histograms or dot plots you must enable the parameters that you intend to 
use for your experiment. When a parameter is enabled, the instrument collects linear height, area, 
and width information. All other parameters, such as log values, are computed using the linear data. 
Unlike this feature in older versions of Summit, parameters in Summit 6.0 are either all enabled or 
all disabled. You do not have to enable height, area, width, log height, and log area individually.

Figure 8.21  Data Type Parameter Settings in Summit and on the Fine Alignment Screen

Threshold

The purpose of the threshold is to desensitize the electronics to low-level noise caused by very small 
particles or auto fluorescence. The threshold-level selector allows the user to empirically 
determine the minimum voltage at which signal processing is initiated. This range is selectable 
from 0.01 percent to 100 percent, with a full-scale selection equivalent to 10 V.

Pulse Width

The Pulse Width (W = pulse width) is determined at 1/2 the signal peak as measured from 0.01 above 
baseline. When particles are too close together to be measured as distinct events they are called a 
doublet. The pulse width for doublets is wider and is measured at 1/2 of the highest peak. See 
Figure 8.22.
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Doublet Discrimination

It is important to determine the doublet population in acquired data before setting sort decisions 
in order to obtain an accurate sort. The generic example shown below depicts cells that were 
treated with a DNA dye. Adjust your methods according to the needs of your specific experiments.

1 In Summit, create a FSC vs. SSC dot plot, an Area vs. Height dot plot, and a Height vs. Pulse 
Width dot plot. Acquire data. 

2 Create a region that will exclude suspected debris. Set a gate using the region, and gate into the 
Area vs. Height and the Height vs. Pulse Width dot plots. See CHAPTER 4, Setting a Gate from a 
Single Region. 

NOTE Either the Pulse Width or Area dot plot will display the singlet and doublet populations more 

distinctly depending on the characteristics of the sample.

Figure 8.24  FSC vs. SSC dot plot
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Manually Determine Drop Delay

Drop Delay is defined as the amount of time it takes for a particle to travel from the interrogation 
point of the primary laser to the Last Attached Drop in the stream. Effective sorting is proportional 
to the performance of the appropriate drop delay determination. During normal operation of the 
instrument, with 70 µm and 100 µm nozzle tips, Drop Delay is determined automatically with 
IntelliSort. 

Drop Delay must be determined manually for nozzle tips other than 70 µm and 100 µm. Nozzle 
selection is made in the Laser and Stream Intercept Configuration Screen. 

The information in this section can be used to manually determine or verify Drop Delay. 

NOTE Adjustments to the drop delay values may occur, do not enter IntelliSort Maintain Mode, before the 

Intellisort Maintain Mode is activated, and then enter IntelliSort Maintain Mode.

Figure 8.26  Drop Delay Diagram

The Drop Delay calibration is a statistical experiment which operates in the following manner:

 • Ten puddles are deposited on a microscope slide.

 • Each of the ten puddles uses a different drop delay setting, which differs by one whole number 
as shown in the example above.

 • Precisely 100 droplets are deposited into each puddle at these 10 different drop delay settings. 

NOTE The droplet value can be changed in Summit.
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5 Right-click, select a region, draw the region (Region2) around the main FSC vs. SSC population.

Figure 8.28  

6 Go to the main Sort menu in Summit and select Drop Delay Wizard.

Figure 8.29  Drop Delay Wizard 1

7 The Drop Delay Wizard appears. Move all objects out of the path of CyClone and place a clean 
slide on the CyClone. 

 • If you ran automatic Drop Delay using IntelliSort, the Estimated Drop Delay value displayed 
in Figure 8.30 will be the value that was determined by IntelliSort.

 • If you did not run automatic Drop Delay, but intend to run Drop Delay manually, the 
Estimated Drop Delay value in Figure 8.30 will be the same as the last time you used the 
instrument.
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CHAPTER 9

Cleaning and Maintenance

Introduction

Regular maintenance of the MoFlo Astrios is recommended as described in this section. System 
integrity can be effectively maintained by assuring cleanliness of the fluidics. Regular cleaning of 
Charge Plates ensures optimal sorting. Regular Cleaning of the Deflection Plates Block Assembly 
optimizes illumination of sort screens. Performing the optical cleaning procedure removes 
contamination buildup, ensuring the instruments performance. In addition to performing 
preventive maintenance procedures, Beckman Coulter also recommends that you establish and 
perform other laboratory procedures for routine operations such as backing up your data and 
experimental protocols.

Cleaning

Daily Decontamination

The decontamination procedure varies according to your laboratory requirements, but the 
following information can be used as a guide.

At the end of the work day or before you shut down the instrument, use the following cleaning 
procedure.

Daily Decontamination Procedure During Shutdown

IMPORTANT Once you begin, make sure you complete the entire shutdown procedure before leaving the 

instrument. 

1 On the Touch Screen Control Panel, press the Power button and follow the prompts to run a 
tube of cleaner and a tube of deionized water during the shutdown procedure.
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7 Open the sheath tank by pulling up on the handle and removing the lid. Empty the sheath tank 
and clean it with an approved cleaner. Rinse the tank with deionized water before refilling with 
sheath fluid.

NOTE Cleaning the sheath tank can be done daily or weekly as deemed appropriate by your laboratory 

manager.

8 After you remove the tanks from the system and empty them, it is optional to autoclave the 
tanks. There is no need to remove the pressure gauges or fittings from the MoFlo Astrios tanks 
before autoclaving.

NOTE See APPENDIX A, Approved Cleaners and Disinfectants for more information. See also 

CHAPTER 9, Yearly Fluidics System Decontamination. Laboratory cleaning schedules will vary 

according to individual needs.

9 If the optional Biosafety Cabinet is installed, clean the Biosafety Cabinet according to the 
manufacturer’s instructions.

Deflection Plates Block Assembly and Charge Deflection Plate Cleaning Procedure

Streams Camera images are optimized by cleaning the acrylic Deflection Plates Block Assembly. 
Regular cleaning of Deflection Plates ensures optimal sorting.

1 Use the handle on the Deflection Plate Block to pull the block out of the Sort Chamber. 

2 With pressure on the individual Charge Plates slide them down and out of the block. 

3 Apply Deionized (DI) water to acrylic Deflection Plate Block to dissolve contaminates. Repeat as 
necessary. Wipe or blot dry with a soft tissue. 
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Prepare the Optical Surface

1 Apply DI water to the optical surface for one minute to dissolve contaminates using a Micro-
fiber swab. Rinse the optical surface with DI water and a wetted swab to remove visible salt 
buildup. Repeat if necessary. 

Clean the Optic

1 Apply a small amount of Optical cleaner or Isopropanol to the Micro-fiber swab. 

2 Wipe the optic in a steady motion with the wetted side of the swab. For an optical surface 
smaller than the swab, use a single swipe. If the optical surface is larger than the swab, start 
wiping in the middle of the surface, with a circular motion, wipe to the edges of the optic. 

Rinse the Optic

1 Apply a scant amount of DI water to a clean swab. 

IMPORTANT If DI residue remains after rinsing, use a dry swab to remove excess. 

2 Gently wipe the optic in a steady motion with the wetted side of the swab. 

Final Inspection of the MFBSO Output Window the FSC, and SSC

1 Inspect the optical surface using a flashlight. The surface should be free of dust, debris, streaks 
or other contaminants. 

IMPORTANT If after repeated cleaning the optic does not appear to be clean or you have concerns about 

small localized contamination remaining on the optical surface, consult your Field Service Engineer for 

assistance. 

2 If contaminants are present, repeat procedure until clean. 
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Prepare the Optical Surface

1 Apply DI water to the optical surface for one minute to dissolve contaminates using a Micro-
fiber swab. Rinse the optical surface with DI water to remove visible salt buildup. Repeat if 
necessary. 

Clean the Optic

1 Apply a small amount of Optical cleaner or Isopropanol to the Micro-fiber swab.

2 Wipe the optic in a steady motion with the wetted side of the swab. For an optical surface 
smaller than the swab, use a single swipe. If the optical surface is larger than the swab, start 
wiping in the middle of the surface, with a circular motion, wipe to the edges of the optic. 

Rinse the Optic

1 Apply a scant amount of DI water to a clean swab. 

IMPORTANT If DI residue remains after rinsing, use a dry swab to remove excess. 

2 Gently wipe the optic in a steady motion with the wetted side of the swab. 

Final Filter Inspection

IMPORTANT If the optic does not appear to be clean or you have concerns about small localized 

contamination remaining on the optical surface, consult your Field Service Engineer for assistance. 

1 Inspect the optical surfaces using a flashlight. The surface should be free of dust, debris, streaks 
or other contaminants. 

2 If contaminants are present, repeat optic cleaning procedure until clean. 

Reassemble the Filter

1 Install the filter into the filter holder. 
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Figure 9.7  Example of Dichroic and Band Pass filter alignment

Cleaning Log Example

Cleaning Log

Date Surfaced Cleaned Technician Comments
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Maintenance

IMPORTANT Weekly and monthly preventative maintenance will be determined by the requirements of 

your laboratory. In most cases, the Fluidics Decontamination procedure should be run on a yearly basis; 

however, individual laboratory needs may vary.

Yearly Maintenance

A Beckman Coulter Field Service Representative should perform a maintenance check on the MoFlo 
Astrios every year. To schedule an annual maintenance service, contact your local Beckman Coulter 
Support Representative. 

Sheath Filter

The Inline Sheath Filter should be changed periodically to ensure free flow of the sheath across the 
filter membrane. Beckman Coulter recommends the filter change every six months to one year, 
depending on the usage and nature of the sheath fluid.

Biosafety Cabinet

For maintenance information regarding the optional Biosafety Cabinet, refer to product manual or 
contact the manufacturer, see APPENDIX F, MoFlo Astrios with Biosafety Cabinet.
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Co-linear (FBSO) Laser Alignment Bead Flash

1 With the sheath stream running, load a sample tube of Spherotech, Inc. SPHERO Ultra Rainbow 
Fluorescent Particles (diluted 1:10 with deionized water).

2 Press the SmartSampler Start Sample button.

3 Decrease the illumination intensity of the Illumination Chamber so you can see the silhouette 
of the pinholes on the Coarse Alignment (Pinhole) screen.

4 Press and hold the boost button on the Touch Screen in order to see the bead flash.

5 The bead-flash from the fiber-coupled lasers must align with the first through sixth pinholes. 
Adjust the vertical micrometer until the bead flash for 488 nm laser is centered in the second 
pinhole. 

NOTE Below is the pinhole order for a seven-laser system. When a system has fewer than seven lasers, 

the pinhole order remains the same and pinholes for empty laser spots should not display bead flash.

 • 640 nm

 • 488 nm

 • 592 nm

 • 561 nm (center pinhole)

 • 532 nm

 • 405 nm

 • 355 nm (The UV laser is free-standing and is directed through the seventh pinhole.)

6 The fiber-coupled lasers are adjusted as a unit, therefore all fiber-coupled lasers should be 
aligned when a middle laser is aligned. You can verify the bead flash for each fiber-coupled laser 
by opening and closing the corresponding shutters one-at-a-time. 










