PicoQuanNnT

Antibunching Analysis

Summary

This tutorial shows step-by-step, how to calculate an antibunching curve from a fluorescence time trace of a
single emitter, in this example a nanodiamond NV center, excited with a pulsed 530 nm laser.

Background Information

Note: For calculating an antibunching curve, a fluorescence time trace has to be recorded.

To separate the fluorescence, the emission light has to be split onto two detectors with very high quantum yield
(e.g. SPAD detectors) by using e.g. a 50% beamsplitter.

As antibunching is a method to determine the number of simultaneously emitting molecules, a dead time free
setup has to be employed for that time range. The SymPhoTime 64 script analyses data recorded in T2 mode,
which can be acquired using the TCSPC units PicoHarp 300, HydraHarp 400 and TimeHarp 260 PICO dual
channel board, respectively.

The data used in this tutorial are measurements of NV centers which are stable single photon sources excitable
at 530 nm. The script is used to process one file with only a single NV center in the focus of the instrument. The
other two files demonstrate changes of the antibunching curve when several NV centers are simultaneously in
the focus.

Antibunching measurements can be performed on single stationary molecules or at very low concentrations in
solutions. Pulsed or cw excitation may be used, but usually the measurement time with cw light is significantly
larger. Therefore, to measure immobilized samples usually pulsed excitation is used.

Step-by-Step Tutorial

¢ Start SymPhoTime 64 software.
¢ Open the “Samples” workspace via “File\open Workspace” from the main menu.

Note: The “Samples” workspace is delivered with the SymPhoTime 64 and on the CD-ROM and contains
example data to show the function of the SymPhoTime data analysis. If you haven't installed it on your
computer, copy it from the DVD onto a local drive before going through this tutorial.

Response: The files of the sample workspace are displayed in the workspace panel on the left side of the main
window.
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dLh Cy5_diff_IRF+FLCS-pattern.ptu
JLl AttoSSS diff FLCS-pattern.ptu
uLh AttoSS5+CyS_diff_FCS+FLCS.ptu
uLh AttoSSS_diff_2FFCS.plu
Jil Atto438 diff_cw_total_correlation.
JLl Atto438 diff_pulsed_antibunching.
. CyS_immeo_FLIM+Polmaging. ptu
Jbb Cy5_imme_Lifetime_Trace.ptu
Jbil AttoSSS immo_On-Off-Analysis.ph
. DaisyPollen_cells_FLIM. ptu
. GFP_RFP_cells_FLIM-FRET.ptu
i Cy3+CyS_diff PIE-FRET.ptu
TS-Bead_immo_xy-scan_Dual FocL
. T5-Bead_immo_xz-scan.ptu
Jil IBA433+BASET_unlinked_mix. ptu
Jl 1BA438+547 crosslinked. ptu
Jil Atto438 485nm_pulsed.ptu
Ml cuvs.ptu
dil MvW-Center_for_Antibunching_1.ptu
dLh NW-Center_for_Antibunching_2.ptu
dLil NW-Center_for_Antibunching_seve
. CEMP-labelled_cells_for_FRET.ptu
Ll CENP-labelled_cels_for_FRET_IRF.
Ll CENP-labelled_cels_for_FRET_IRF.

¢ Highlight the file NV-Center for Antibunching 1.ptu by a single mouse click.

= Samples

-l CyS_diff IRF+FLCS-pattern.ptu

JAil AttoB55_diff FLCS-pattern.ptu

-l AttoS55+CyS_diff FCS+FLCS.ptu

bl AttoBSS_diff 2FFCS.ptu

F-ullly Atto428 diff_cw_total correlatio

t Al Atto488 diff_pulsed_antibunchin

. CyS_immo_FLIM+Pol-Imaging. ptu

Al Cy5_immo_Lifetime_Trace.ptu

Al AttoB55_immo_On-Off-Analysis.[

il DaizyPolien_cells FLIM ptu

; . GFP_RFP_cellz_FLIM-FRET.ptu

Jll Cy3+CyS_diff_PIE-FRET.ptu

; . TS-Bead_immo_»v-scan_Dual Fo

. TS-Bead_immo_»z-scan.ptu

t Al IBA488+BAS4T_unlinked_mbx.ptu

Hllll IBA4BE+547_crosslinked ptu

f-ll Atto438 435nm_pulsed.ptu

B cuvspt

t WA N -Center_for_Antibunching_1.¢

-l NW-Center_for_Antibunching_2.p

F-ullly NW-Center_for_Antibunching_se

t . CEMP-labelled_cellz_for_FRET.pt
JLl CENP-labelled_cells_for_FRET_IR

JLl CENP-labelled_cells_for_FRET_IR

[ FRET_GFP and mRFP.ptu

¢ Select the “Analysis” tab and in there, open the drop down menu “FCS”.
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Bl tmaging

ﬂ Time Trace
B3 TcsPC
B Fcs
FCS Grouped FCS
FCS analysis with cross FCS analysis on a group of
correlation and background TTTR filez. Select any
remowval via FLCS. Select a collection of TTTR filez and
TTTR file and press "Start’. press "Start’.
[ Help 1 Start 1]l Help 1 Start |
FLCS Total Correlation

Fluorescence lifetime Atotal correlation analysis,
correlation spectroscopy i.e. correlation from ps to s
analysis. Select a TTTR file range. Select a TTTR file
and press "Start’. (T2-mode) and press "Start’.
I Help  |[ Start ||| Help  |[ Stat |

Antibunching FCS Calibration
Antibunching analysis, i.e. Eztimation of W_Eff and
correlation on a linear pys kappa. Select one or several
scale. Selecta TTTR fie (T2 || result fies containing FCS
-mode) and press "Start’. curves and press "Start’.
I Help  |[ Start ||| Help  |[  Stat |

FCS Fitting

FCS least squares fitting.
Select one or several result
files containing FCS curves
and press "Start’.

| Help I Start |

B Grouped Analysis

B nlignment

EJ User Defined Soripts

Note: The drop down menu can be opened and closed by clicking on the grey button on the left side of the
header of the drop down menu: E

e Start the Antibunching script by clicking on “Start”.

Antibunching

Antibunching analysis, i.e.
correlation on a linear ps
scale. Select a TTTR file (T2
-made} and press "Start’

[_Help | [ESStam]

Response: The Antibunching script is applied to the file NV-Center for Antibunching 1.ptu. Thereby, a
new Window opens:
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The window contains three different regions:

Left: Analysis and display options. For explanation of the different parameters, place the mouse cursor

over this part of the window and press <F1> to open the corresponding help page.

Upper center/right: Intensity time trace. The display can be changed using the “Trace Settings” of the

analysis options. The large window shows the inset of the complete trace above marked in green. The

photon counting histogram on the right displays the frequencies of the different intensity values.
Lower center/right: Antibunching graph. As first the calculation criteria have to be defined and the
curve needs to be calculated, this graph does not contain any trace at this stage.

Click “Calculate” to calculate the antibunching curve with the default settings.

B 2Antibunching Calculation
Max Time: | 1000 ns |$|
Sampling Points: | zuu|$|
Offset: | 0,0ns |$|
B show A-=B ¥ show B4 ¥ show A-=B + B4
—Channel A
Select Data Channels:
1:#] 2 3] 4]
__Channel B.
Select Data Channels:
1:0J 2. 3] 4]
[ Calculate
mare

Response: The antibunching curve is calculated.
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Note: The different peaks show the fluorescence of the second detector after each laser pulse, the spacing
between the peaks is determined by the repetition rate of the laser.

As expected for a single emitter, the peak at time 0 is practically missing. This corresponds to the fact that if
just a single photon is emitted, it cannot be registered by both detectors simultaneously.

Three curves are calculated, as for the calculation of the photon pairs, detector 1 or 2 can be used as reference

The green curve is the average of both curves.

[ S TR —— — T
D e vas tmep Len b A e

Dt

Note: If the cable lengths are different for both detectors, photons simultaneously registered at the detectors
arrive a different times at the photon counting TCSPC unit. Consequently, a systematic shift of the red and the
yellow curve is observed. For compensation adjust the “Offset” parameter. It automatically moves the red and
yellow curve to the correct position. Press “Calculate” again to recalculate the correct antibunching curve.

¢ Save the calculated curve by clicking on “Save Result”.

[ Save Defaults l [ Restore Defaults l

Response: A result file is generated and linked to the raw data file.
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= Samples
.|.|J.|.|.I. CyS_diff_IRF+FLCS-pattern.ptu
uLh Attog35_diff_FLCS-pattern.ptu
uLh AttoB55+Cy5_diff_FCS+FLCS.ptu
uLh Attog55_diff_2FFCS.ptu
uLh Attod8d_diff_cw_total_correlation,
uLh Attod8d_diff_pulsed_antibunching,
. Cy5_immo_FLIM+Pokimaging. ptu
uLh Cy5_immo_Lifetime_Trace.ptu
uLh Attod35_immo_0n-0ff-Analysis.pt
[l DaisyPolien_cells_FLIM.ptu
. GFP_RFP_cells_FLIM-FRET.ptu
-l Cy3+CyS_diff_PE-FRET.ptu
. TS-Bead_immo_xy-scan_Dual Foc
. TS-Bead_immo_xz-scan. ptu
uLh |BA4E8+IBAS4T_unlinked_mix. ptu
-l IBA483+547_crosslinked. ptu
-l Atto488_485nm_pulsed.ptu
&l GuVs.ptu
= MW-Center_for_Antibunching_1.pht
: c WY-Center_for_Antibunching_
P NW_Antibunching_1.pgres
L & - ntibunching.pgres
-l WWV-Center_for_Antibunching_2.pti
F-dbh MW-Center_for_Antibunching_sewve
-l CENP-labelled_cells_for_FRET.ptu
----- Ll CEMP-labelled_cells_for_FRET_IRF,
----- Ll CEMP-labelled_cells_for_FRET_IRF,
----- Bl FRET_GFP and mRFP.ptu

Process files with several emitters

¢ For illustration of the behavior if the luminescence stems from several emitters, process the files NV -
Center for Antibunching 2.ptuand “NV-Center for Antibunching.ptu” in a similar fashion.
¢ The final result of the file NV-Center_ for Antibunching 2.ptu should be as shown below:

i .30 i s 4 iy

: : = r
=} | ; e i P S LI
- axfd e g Ly | 3 il
e e [ Ton I J
Mitewsd  ESwwbss [ Semsdeas =T 1L I I3 | I il 1l
T unl ¥ |
& : 1
1

T Lo | L1
| Tl =0 1 .
re—y PP e e e M M B e B e R B B S e
Hﬂ-lﬂlﬂ\llf\ﬂll m - - ] [] [] o = o] kD £ = ] [T] a =3 “u W W ]
T [ 0] Tcourmcan [Cnin|
— Anebunching
- kL
11 S dweh
@~ | =
a1t ]

ﬁ

m 59 a8 ar =12 '] a4 41 az £ [1] [R [F3 [E] ad [1] [T} nr [1] [E]
Coarslasca tew [1]

¢ Here the center peak is present, but has only roughly half of the size of the other peaks, corresponding to
two emitters in the confocal volume.
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¢ For the file NV-Center for Antibunching several.ptu the final result should be the following:
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e Here it is impossible to determine the number of emitters. In this measurement the luminescence stems

from several emitters.

Copyright of this document belongs to PicoQuant GmbH. No parts of it may be reproduced, translated or transferred to third
parties without written permission of PicoQuant GmbH. All information given here is reliable to our best knowledge.
However, no responsibility is assumed for possible inaccuraciesor omissions. Specifi cations and external appearances are

subject to change without notice.

PicoQuant GmbH
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12489 Berlin
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info@picoquant.com
www.picoquant.com
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