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Abstract " " l' "

In ;‘Ilow cytometr)(/:,l fheh F]:ALS (Forwgrld Ahngl_e Light Scat?ehr) dletector | Issue-1: Issue-2: Issue -4 Results (Continued)
collects scattered light from a particle that intersects with a [aser an Where is the light? (Why wider angles for smaller particles?) What is the possible FALS Angular Range of my system’s What is the FALS detector block diagram and description? 0.4um with Total FALS Gain = 620*
delivers information roughly proportional to the size of the particle. Few _ _ _ _ tical fry? P e
innovations have occurred in the measurement of FALS since its In the quest for small particle detection, first, we need to determine where the optical geometry Three Gallios FALS detector modes exceed your variety of needs and are found Point4u HY700 Gain200
introduction to flow cytometry 45 years ago until the recent introduction of FALS photons should report. . . We have predicted where the Target light is, now, we need to determine the on the Parameters menu of Gallios User Interface software (Figure-5, 6, 7) . . . o " FD =4.19
a new FALS design in the Gallios Flow Cytometer from Beckman Coulter. Using the Mie theorly (Gustav Mie 1908) of small particle light scattering as a systems FALS Angular range capability using an optical/flowcell system model. Narrow Detector selection only (20 — 9°) mode - LR AT P-Ovip = _M—
In the past, flow Cytometers struggled to both differentiate near-size Solution to Maxwell's equations, showing the photon trajectories. | See sketch of Optical System model (Figure-3). N ) ] o ' s - i | 0.003% W
ozt ot mesum s i oopen s || ( ) e o - |
Gallios FALS design provides distinction of particles with small variations : ’ ) : S : Wy Y o : ' | Ry - ]
in size as well as Sltrap-clear A — OF:: small particles from flow Cytometry over a wide range of small particles sizes. e ) _ﬂ‘ Usually followed by Low Step Gain control. i {'_"J g
background noise. The domain of FALS light we will initially discuss is from 0-45° ("(Top View Looking Downward) ) | “” W - 5) F ¥ T T T T T T T T T T
5 5 o E 1 igure- EBINT LIK FEINT LIN
Leveraging concepts from the Mie Theory, which describes the pattern of (Figure-1 below). ' ‘nicrons ! J Narow [ Low |~
. . . . . . . . . | ement e . IES .
light dlffractllon. |ntenS|_ty relative to |_3art|_cle size ar_1d angle of light | Sample & . R RaAEEaRgee + aﬁ__ﬁgﬁ ] [Ungated] SS INT LINFS INT LIY (300000) [Ungated] FSTNT LIN
collected, this innovative FALS design in the Gallios flow cytometer is y R AR FALS W Rh— Z ALL 42320 357 19.64 ALL 42320 214 3649
[ imi 7 1 1 I Flgure_1 } \ Las‘er microns - pEksks st Detector Laser Dum Ellacklng La ser Beam Divergence 2° -V A gig;; 397 2 20 C 24874 200 10.64
designed to optimize the detector for the users’ choice of particle-size ( . HEREEH s AT Nt La N Sum
sensitivity. The optical system design and sketch of system geometry are ) 5:5:5:5*5*5”'-:5:5:5{5:5:5:5:5:5:5:5“'3'3”&‘\ Block Max < go I j'l 0.4um + 0.5um with Total FALS Gain = 620*
described, as well as calculations of measured angles of light collection. . g _/ | Point4 & Point5u HY700 Gain200
Important design parameters including photo-sensitive detector diameter Laser [P Boam Shaper [—:EB:B' /,f g FALS Particle / Core Stream T - A F3to P2
and principal focal length relationships are explained. The intent is to hN detector . . . L - - 1 %oOvlp= (| %Ovlp=
roduce the highest quality ‘electronic image’ of the particle thereby : Using the Flowcell dimensions, and the equation highlighted in Figure-3, the - 1 0.003% 0.0015% .
fesulting in optimized signal to noise : results of our calculations are; Wide (99- 199 + Narrow (2° — 99) mode. s 1. pFD=4.198 FD=4.33 W
- . - . . Vi : . 0 . . . . ] o = | iy . - c R
This versatile forward scatter detector is controlled using 3 software i we W!” collect max ]_'9 from tk(l)e.la.s.er/ particle intersection point. Narrow & Wide detectors at Low sensitivity. L s 1
controlled settings chosen for optimal versatility of a wide range of particle We will collect a minimum of 2° limited by the detector mask. # Best noq—speC|f|c| lee pe(;formance I::)Ie_nd (1 — 20um). - B ] : A
size characterization. The design can provide the clear resolution NS By collecting 2-groups of angles (Narrow and Wide), we can now treat them W/ Step Gain contro fepen anton Cell size. - = . 3 .
necessary to differentiate near-size particles of 0.4um from noise with According to Mie’s solution the FALS pattern will be manifested in differently if we wish. In essence minimizing effects of cell structure (Wide Angle) 1 (Figure-6) — —
O..OO4% S|gnal_/n0|se .populatlon oyerlap and O.5_um from O..4ur_n particles concentric light rings with decreasing intensity away from the center on larger cell sizes (> 1um), and/or minimize the effects of near-center laser +¢"3‘ — o Uranted] S5 INT LINES INTLIN (500000 [Unaaied] FS INT LI
with 0.002% signal/signal population overlap with one setting in the very (center = raw beam) (Figure-2). noise (Narrow Angle) from small cell (< 1um) size measurements. W | Element Region Number X-Mean X-CV Region r;ﬁf X Mean X-CV
same histogram. The number of rings and width of each ring (in the same 45° domain) is : : T = A 15931 396 280 B 24128 787 24 66
. : ; : o : Observe Chart-2 (Below) showing the Narrow and \Wide areas highlighted. - 561 2 5
The new FALS detector design in the Gallios flow cytometer has dependant on particle diameter and the refractive index of each particle ( ) J (Chart-2) ghilg Lasen|_c=— i Bump Glocking L z 5 Sieve 383 sop s A
_ - TP alt- Sum
expangled the capabllltlles of the_ popular parameter and opened the dogr (keeping the excitation wavelength constant). Angle Isolation vs. Intensity (488nm) Water with Total FALS Gain — 1550*
to the “small-world”. With a flexible and customizable detector, the Gallios _ o _ _ _ _ _ g : y oy mpei 5 oo =
expands the range of particle size resolution available in flow cytometry The Mle so_luﬂon |Ilustrat|0|j (Flgu_re-Z) §hows FALS light rings overl_ald 100000000 S 700 . — - | water only HY700 Gain500
analyzers with intensity curves (logarithmic intensity response) for 10um patrticle 10000000 == 0 4um Sement 5] : =
' (many rings with higher intensity) and 0.4um particle (few rings with 1000000 : \\ ' _
- . . E _ _ i ﬂ‘
significantly less intensity). 100000 112 FA 0.5um Wide-High (9°- 199 + Narrow (2° — 99 mode. s - E "
10000 : V \/-\ X Narrow detector at Low sensitivity. = - '
(Figure-2) L ") \/ \/«B : i . —
INTRODUCTION ﬂ = 1000 ¢ _5___\/\/\/'\/'\_,—- 1um H i Wide detector at Very-High sensitivity. |
Mie solution lllustration — - = : : mi - - i
) ( . ‘ ] — (" 5 100 HEE \~\ " Prowdesf Best micron-micron partlcle_ resolution. ) | | |
In a Flow Cytometer, a stationary laser interrogates a passing cell/particle 3 Normalized Intensity I P >~ 10 12 — 10um W Step Gain control dependant on Cell size. — renri
- : : L =g of Rings for 4 - g = © <4——— Angle [degrees] —————» 3 - —_—
suspended in a stable flowing column of liquid. As the cell passes through the £ lllustration only 3 &2 o 1 & N _ — — - _
. . i . T = = - ' ' ' ' | | l l O (Figure-7) [Ungated] SS INT LIN/FS INT LIN (500000) [Ungated] FS INT LIN
laser, multiple types of photon transformations simultaneously occur providing v o v S 0.1 L _ _ N Tt — I —16—18—190 47 Region Number X-Mean X-CV Region Number X-Mean X-CV
valuable information relative to cell fluorescence, cell complexity, and cell size. = — = 001 e <« ° o [l 12 14 1o 10 \ | A 38 321 153 = 11547 194 2170
- . L 11986 284 1192 C 41 662 1393
The desired parameters of cell fluorescence, cell complexity and cell size ~ —~r S~ _!“ - | ﬂ _ _ .
photons will each be collected in a different but specific domain using certain D ':F___\‘r- 0.001 Narrow Angle Wide Angle collection Lasﬁiﬁéﬁ_ Dump dmicmng Laser Beam Divergence 2° Z 0.4u ?:mw!.,th Total FALS Gain _.m..:.[ 2150
devices. The goal of these devices is to produce highest target photon 45" 45/ ¥ << Angle®>> * 0003831 collection from 2 - § from 9°" 19" . | Sum Pointau HV700 Gain 500
detection rate possible as allowed by current technology. : % \\ 5 2 FD = 4.78
For discussion sake most flow cytometer designs; %90 \ _Wide - JvL ’ P-Ovip =
. emen ) 0.00018% .M—
o have placed cell-fluorescence collection orthogonal to the laser beam at - \ / 0 ‘ = = - " Wy
: : — um AU % — c
-90%in the horizontal plane (laser beam path = Q9). Particle Notice Quantity of Rings Particle Issue-3: = .
) . . . ) detecti “y . i
 have praced ce-comp exity collection (Side- Scatter) orthogona 1o the e e R e What Photo-sensitive detector geometry will | need to collect the 1 48
aser beam at +90° in the horizontal plane (laser beam path = 09). small particle generated FALS light? Results of the Effort. o :
» have placed cell-size collection (FALS) directly in the path of, and normal Chart-1 data Graphically illustrates the Mie theory. The data was computed using . . Histograms were collected on a Beckman Coulter Gallios with 488nm Laser at e en -
to, the laser beam in the horizontal plane. Scat-Lab type software displayed using MS Excel. The following are important to Since we know our target light angles, and now know our systems FALS Angular 22MW. { * Total Gain FALS & SS = ((( HV / 1000) x 3) +1) x Gain) }
: - : note; range capability, What detector geometry and placement is necessary? ' - [Ungated] $S INT LIN/FS INT LIN (500000) [Ungated] FS INT LIN
We will focus our discussion on | / . oy . : Region Number X-Mean X-CV Region Number X-Mean X-CV
i i oplios ’ * The results are Implied to be a “snapshot in time” where the particle under : - o - : These are the equations for YoPopulation Overlap , (P-Ovlp) as a function of AIT 50866 351 19.96 ATT 50866 498 53.93
the Cell-size photon collection oples . S . o In Figure-4, the Fourier plane is illustrated where a Lens is placed at its Focal 9 P Py P : ; > 20459 '
: investigation is perfectly centered in an infinitely small laser spot . . . . . : : ST : L c1%02 om0 1204 B oS I 2L
otherwise known as Forward . The results show the logarithmic Intensity of scattered light (Y Ax.is) Us distance away from laser / cell intersection point allowing parallel rays to the Photo- Fisher Distance ; (FD) (Results are in Histograms); A 27690 396 897 C 27197 717 944
Angle Light Scatter detection. _ _ _ _ o\ R
Thg follog\J/ving sketch attempts Angle of scattered light (X-axis) as a function of particle size (curves). detectors. FD = (ABS(P2-P1)) / (P1CV/100)*P1) + ((P2CV / 100)*P2)) '
to convey the geOmetricaI « The partiCIGS analyzed are 0.4um, 0.5um, 1um, 10um. The Lens “F” and Lens proximity to the intersection point determines Optimum P1 = Population-1 ( X-Mean ), P1CV = Population-1 ( X-CV) _
arrangement of the detectors detector size. P2 = Population-2 ( X-Mean ), P2CV = Population-2 ( X-CV') Conclusion: What have we learned?
' - « All particles generate light scatter over 360° as light rays hit their surface.
- = O : - . . . . .
FAtl'_tS PaS beten atr_1eces_,sary Angle vs. Intensity (0 4&?11“3:51')"1 fum, 10um) (488nm) ( LT IR el Geometry ) finciple Focal & Popg[l)a—t::?s?]e?[;/iset;!ﬁf (1-ERF(FD /7 SQRT(2))) Particle size and excitation wavelength determine the number and
entity for system triggering as : : , 0. , , el ~ i i i i i ] -
well as a parameter full of F Dist = 3 ERF = MS Excel function (Divide ERF Result / 100 for %) Intensity of light rings generated. (Figure-1, Chart-1, 2). |
e fion iust waiting to b 100000000 T " . « When focusing on a certain particle range, Keys to developing the optimal
Information JUS walting O e 10000000 -~ \\ g Water Wlth TDtEll FALS Galn — 620 FALS detector are,
uncovered since the beginning 1000000 \ |\ "c;f G e e 1) It is important to collect the correct range of light angles as signal.
of Flow Cytometry. 100000 \vf\ | T 0 i Water only HV 700 Gain 200 2) It is equally as important to exclude the range of light angles considered
: ‘ AW I - g _ 2 as noise!
Through much effort, the Gallios FALS detector opens a door to the “small- gy 10000 v\v V _ o  Boam Divercence 2° 0. - ‘ . : . : .
world”. Since limits on max cell diameter are the flowcell sensing zone 3 1000 \%QAAV‘M-T- —0.4um " e 3 _ a) Wanted signals are plagued by improper exclusion of light noise.
aperture, we will focus on the difficulties of the “small-particle-world”. 2 100 I N e — \ | } J' g z — | | ?- b) ll?r(;pgr lc_letecl:ator gdeometry, [;fl_agement, _and I?hmlnatlondof unwanted
The goal is to solve for the following issues, reach a conclusion, and as an end 2 10 \ / ' 0.5um Cell / Laser \ ] 0 E — " =@ W Ight ble IV?rh' eﬁt fe_:jecll_tor erriciency (dSIQHa 30'59), and are most
result to show the necessity for the Versatile Gallios FALS detection system. % 1 ' "V ' Y E— Intersection Point \ o - ' @ capable ot nigher Tide Ity at Increase post detector gains.
. . . . — 0.1 6 46 20 20 A0 —1um TOP.Vi \ o) - ] « The worst case % Population Overlap is 0.003% (0.4um at Gain=620).
Issue-1. Where is the light | want? (Why wider angles for smaller particles?) 0.01 ( ( £ ) 7 - L gima . - o
Issue-2: What is Angular range of my system’s optical geometry? 0 d01 —10um o @_ - Citations;
Issue-3: What Photo-sensitive detector geometry will | need to collect the 00001 P ide Angle ' " - “ - . John Steven Riley, "Statistical analysis and optimal classification of blood cell
small particle generated FALS light? 0 d0001 ' g e rme populations using Gaussian distributions"” (January 1, 2003). ETD Collection
. H ' H . . . darrow . . . .
Issue-4. What is the final FALS detector block diagram and description? Angle [degrees] m— [Ungated] SS INT LIN/ES INT LIN (500000) [Ungated] FS INT LIN 1;](1[ EI/;)dr_ld_? Ilnternatlona:cl_ Un;ve/;lsflty. Ptai)_er A;A\A\l,i???ggsgzo
Results of the effort: Actual Histogram Data. Region Tumber Xiean XV Regon Trumber X-Mean XCV p.rdigraicommons.fiu.edu/dissertations
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